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PREFACE

In accordance with the Agreement on Scientific Cooperation

Between the National Academy of Sciences (NAS) and the Academy of

Sciences (ASUSSR), the "Workshop on the Mechanics of Ice and Its

Applications" was held in Moscow and Leningrad, USSR from June

16-26, 1991. Dr. Wilford F. Weeks, a member of the National

Academy of Engineering and a professor at University of Alaska at

Fairbanks served as the American chair. Upon the completion of

the workshop, the NAS requested comments from Dr. Weeks on the

quality of the program and the state of the scientific field.

The following is a summary of his report based on his own

personal observations. Though Dr. Weeks has incorporated

information included in trip reports from individual

participants, the views expressed herein are those of Dr. Weeks

only and do not necessarily represent the views of the individual

participants or sponsoring organizations.
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7he United States and the former Soviet UrIion have strong common interests

in obtaining a better understanding of the behavior of ice at all scales. In

particular, Russia and the United States have vast resources in the North, notably

off the shelves of Alaska and Siberia. In order to safely and euically

exploit these resoces, both countries require an in-depth understarding of the

moemenit of the ice cover, the forces wiuch moving ice can exert against bottom

founded structures, and the ice resistance on vessels used to transport these

resocs to muret.

Unfortunately, because of furding and personnel constraints, American

progress in ice mechanics and engineering has been limited. In the opinion of the

Amecican delegation chair, Dr. Wilford Weeks, this 1991 Soviet-American Ice

Mechanics Worksh dW xastrated that considerable benefit can be gained by the

United States and the former Soviet Union through collaboration in research

programs and exchange of technical information. The United States can certainly
benefit frcm the strong analytical skills of its counterparts in the former Soviet

Union and the experience they have gained in successfully operating in northern

rivers and along the Northern Sea Route. 7he scientists in the former Soviet

Union can equally benefit from the application of American equipment and computer

technology in solving ice engineering problems. In short, while resources are

limited in the field of ice mechanics, the capabilities of the United States and

the former Soviet Union ccuplemnt each other well. An effort should be made so
that these countries may work together in this area.

The goal of the Ice Mechanics Workshop was to facilitate the exchange of

technical information between the United States and the Soviet Union. AlthUuh

specialists in both countries had made great efforts to keep abreast of each
other's achievements, the exchange of ice technology between the two countries

could be characterized as poor. This was primarily due to language barriers and

constraints on ccmmunication and distribution of literature. Often, several years

went by before American specialists learned of a significant discovery made by

their Soviet counterparts.

The participants at the workshop addressed a number of themes, ranging from

the behavior of ice at the microscale to the large-scale dynamics of the polar
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pack. Mm participw•ts discussed both long-ra•ge research items and s -ort-ters

applied ice engineering pra-tices. The diversity of the worksh reflected tlae

varied badcground of the delegates.

1. Mechanical Properties of Ice: A number of papers were presented dealing

with the mechanical properties of ice, including uniaxial compression and

tension, and confined compression, bending, and fracture touhness. Data
on the mechanical properties of ice were considered. Aduiti onally, testing

techiques and docmuntation of appropriate ice properties were addressed.

2. Ice dvnamicsand r Msses: Large-scale ice dynamics and processes were

considered including the acquisition and application of satellite imagery;
large-scale properties of the ice cover such as floe size and lead patterns;

pressure ridge processes and models; ice stress measurements; bearing

capacity of ice sheets; mechanical profile properties; and sea ice dynamics

models which describe and predict the overall behavior of the ice cover.

3. Ice-structure interaction: Ice forces on offshore structures were
reviewed. Presentations were given on practices employed in the United
States to derive ice design criteria. Specific topics included the

determination of local, global, and impact ice loads. The results of model

basin ice indentation tests were also presented and discussed.

4. ModelinM ice behavior: Considerable attention was focused on modeling

ice behavior at small scales. Constitutive models were presented which

describe the behavior of ice during creep and brittle fracture for both

polycrystalline ice and single ice crystals.

5. Perspectives on ice mechanics and engineering: All of the participants

from both the United States and the Soviet Union obtained an interesting and
comprehensive perspective on ice mechanics ,nd engineering not only in their

respective countries, but in the world. The American delegation, drawn from

academia, government laboratories, and industry, included the top

researchers in ice mechanics in the country. Through formal presentations,

panel discussions, and informal gatherings, the participants acquired a
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greater awareness of the state of the art, and obtaind a coensu on the

important problem.

6. Education and traininM of ice eIne : Inclusion of reresentatives

from academia and industry permitted fruitful discussions on the education

and training of ice engineers. Topics included the present demand for ice

engineers; aid the adequacy of the training which potential engineers and.

scientists will need to receive to meet the future needs of irdustry and

gavernmnt.

II. GENEAL _ ______MM

(In this report, some information is included that is based upon discussions

between the American delegation chair Dr. Wilford Weeks and Dr. Anatoly Frolov,

an expert on permafrost. Dr. Weeks met Dr. Frolov in the late 1970's when he was

a visiting scientist at USA Cold Regioms Research and Eineexring Iaboratory

(CMRRL) in Hanover, New Hampshire. Just prior to the meeting in the Soviet Union,

Dr. Frolov was hosted for three weeks by Dr. Weeks in Fairbarks, Alaska. Latpr,

while Dr. Weeks was in the Soviet Union, he had the opportunity to visit with Dr.

Frolov on two different occasions.]

The National Academy of Sciences (NAS) - Acadlemy of Sciences of the USSR

(ASUSSR) Workshop on Ice Mechanics was conducted in the Soviet Union in June 16-

26, 1991. Preparations for this workshop were initiated when the ASUSSR suggested

that a workshop on this topic be included in the larger program of bilateral

activities on technical topics sponsored by the two academies. These activities

were to be carried out within the framework of the Workshop provision (Article

III) of the Agreement on Scientific Cooperation Between the National Academy of

Sciences of the USA and the Academy of Sciences of the USSR signed January 12,

1988. The interacademy Protocol of January 31, 1990 called for this specific

The meeting offered a rare opportunity to gain insights into a researdc area

in which the Soviets, historicr, ly, have had a strong presence and in which there

has been little interaction between American and Soviet specialists. (There are
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interesting reasons behind this pattern which will be discussed in a later section

of this report.)

The subject of ice mechanics is quite broad, eupassing the mechanical

behavior of glacier, lake and sea ice. The Soviet Union possessed strong research

programs in all these subjects for years, with the total number of scientists and

engineers involved far exceeding its equivalent number in the West. 7he reason

for the Soviet interest in these fields is clear: the USSR had significant applied

problem in the snow and ice area. This country also had extensive experience in

effectively alleviating a large number of such problems. 7Th amount of contact

between Soviet and Western scientists in the different sub-areas of ice mechanics

has been quite varied, with contacts in the area of glaciers and large ice sheets

and shelves being reasonably common. This area of ice mechanics was largely

carried out within the Department of Geography of the ASUSSR (now, the Russian

Academy of Sciences). Its focus was generally pure science with little immediate

application. (Recently though, the climatic aspects of ice cores have adcieved

considerable interest within the world climate community). It should also be

noted that much of this work was focused on the Antarctic.

Soviet researchers in other aspects of ice mechanics, and those active in

sea ice studies in particular, have had zconsiderably less contact with the West.

In fact, over a 36-year period, Dr. Weeks has had the opportunity to meet only

three or four Soviet ice mehdanics specialists. This isolation has been

particularly true for scientists frum the largest organization active in Soviet

sea ice research, the Arctic and Antarctic Research Institute (AARI) in St.

Petersburg. Similar remarks, however, might be made concerning other smaller

groups that carry out programs in lake and river ice research.

Miy is this the case? In the sea ice field, the answer appears to be

obvious. Groups that have a thorough understanding of sea ice mechanics have a

definite advantage in analzing certain scientific problems related to climate

change in the polar regions. More importantly, understanding sea ice mechanics

is necessary to understandirng the effects of ice forces on offshore structures -

a problem that is essential to the safe development of the large oil and gas

reserves that are presumed to lie beneath the pack ice on the continental shelf
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of the AIctic Ocean. (The former Soviet Union's cotinental shelf is the largest

in the world. Its potential for major oil and gas production is believed to be

extremely high.) Of Particular interest here is the Northern Sea Route, a
critical supply line to ports in the northern parts of the former Soviet Unian.
since this route transits the margins of the Arctic Ocean, ice is a major problm

during most of the resupply season ('his activity has developed into an almost

year-arcund operation over the past few years.)

Even more imprtant, however, is the fact that the u _erstandin of sea ice
properties and behavior was very important to the submarine arm of the Soviet
Navy. In recent years the Soviet Navy developed a unique strategy (the so-called

Arctic Bastion Strategy) conceming the deployment of their missile-launding
submarines (SSBNs). Descriptions of the general aspects of the Soviet bastion
strategy have recently been published in journals such as Janes. In acoordance
with the Arctic Bastion Strategy, the Soviets deployed their SSEis underneath the

pack ice, where once on station, they were able to reduce their noise-making
activities. Becuming essentially invisible in acoustical terms, the SSEs would

wait for a message to launch their missiles. If so instructed, they would only
have to move to the nearest open lead to launch their missiles. It should also
be noted that sea ice lessens the effectiveness of almost every type of
anti-submarine system. Thus, locating submarines that are deployed according to

this strategy becomes very difficult.

Perhaps the most important consideration when discussing Soviet ice
mecianics research is that the Soviets viewed the ice covered seas to their north

as an integral part of their territory. This is the so-called pie theory of the
Arctic, with the very large Soviet part of the pie extending all the way to the
North Pole. Thus, when one starts discussing arctic sea ice research, one is
indirectly dealing with capabilities that in the Soviet view related to vital

ecnmiic routes, problems of naval security, and territorial prerogatives. Since
the Soviets viewed their capabilities in the arctic seas to be superior to those
of the Western countries, they were not eager in the past to undertake joint

research in fields such as ice mechanics. The Soviet scientists working in these

fields were rarely allowed to attend scientific meetings outside the USSR, nor to
develop cooperative programs. Therefore, the Soviets' list of suggested topics
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for this workshop created an uncharacteristic oportunity to discuss subjects that

are directly applicable to ships operating in ice, to natural mechanical processes

in sea ice covers such as ridge and rubble formation, to ice forces on offshore

structures, to techniques for modeling ice behavior, and to more furxamental

aspects of the deformation and fracture of ice.

Some of the Soviet workshop participants contributed to this unusual

atIosphere. For instance, Dr. G. A. Lebedev's grxW from AARI is known to be

heavily involved in aspects of the geophysics of sea ice that were of direct
applicability to the problems of the Soviet submarine fleet. (Dr. Lebedev is the
successor to Dr. V. V. Bogorodski who died of a heart attack a few years ago.

Dr. Bogorodski was an extremely prolific, high quality scientist who contributed

to acoustic, remote sensing, ice property and ice penetration research. Members

of his group such as Dr. V. P. Gavrilo are outstanding.) Althouh Dr. Iebedev

himself is not as well known as the other members (to date he has not published

as extensively), he nevertheless appears to be quite capable. During the
workshop, he was present whenever policy matters were discussed, raised
interesting points during the discussions, and expressed much interest in joint

research programs.

Two of the other Soviet groups which participated in the workshop also had

obvious ties to the Soviet navy: the Krylov Ship Research Institute (with its
extensive model basins) and the Ieningrad State University of Ocean Technology

(which trains naval architects and engineers - many of whom eventually work on or

with submarines). These topics will be addressed in further detail later in this

report.

III. - _ _ _ _ __ __ __ __ __

During the Ice Mechanics Workshop, four days were strictly devoted to

presentations. The American presentations were quite varied with heavy emaphsis

on experimental and numerical modeling. Importance was placed on real-world

observations and real problems - not surprising in that the U.S. delegation
contained several scientists from oil companies, as well as contractors, who had

experience with offshore operations. In contrast, the Soviet presentations were
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generally heavy on theory and analytical pr-o-edu-3res. (Xnsequently, many of the
approac:es appeared to be somewhat unrealistic, especially when closed-form

solutions were offered. (7his was coummnly acocuplished by setting up problems

that were artificial from the start.) Given limited ccmputing capabilities and

the fact that the Soviets have historically been leaders in finding such

closed-form solutions, many of the Soviet authors appeared to be reluctant to

consider actual field conditions. moreover, the expertise of the Institute of

Mechanical Problems (IW) of the ASUSSR (no, the Russian Academy of Sciences) lies
with theory. The result was that same of the Soviet ice dynamic presentations

used approaches that already had been tried and dispensed with in the West.

At the meeting, comuunications were sometimes strained given the difficult

job of interpreting. Interestingly, whereas most of the American participants did

not speak Russian, a few of the Soviets spoke excellent English and many of them

appeared to have same understandinr of the language.

IV. mOmof-w_ __C_ 3___a_ _ _ _

At the start of the meeting, Dr. K. V. Frolov, vice president of the ASUSSR

(currently a vice president of the Russian Academy of Sciences), stressed that it
was important to form a permanent US/USSR coamittee on the subject of ice
mechanics and climate. He felt that this was a subject of importance to both

countries that required significant additional research. He hoped this permanent
c-mmIittee would develop a system of projects and grants in a manner similar to
that of the Soviet-Swedish joint program. He added that ice mechanics research

needed improved visibility and financing even in the Soviet Union. As an aside,

Dr. Frolov suggested to Dr. Weeks that a letter be written to the National Academy
of Sciences and to the National Science Foundation about these opportunities, and

that a copy of any such letter be given to him.

On the second day of the workshop, several of the American participants were
called into a short meeting in the Office of the Director of IW ocncerning the

writing and signing of a joint memoxardum. In this meeting, and in the memrandum

meetings that followed, Dr. Igor Vasiljev, who appeared to have considerable

experience with such arrangements, represented the Soviet delegation and
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Dr. Goldstein the American delegation. Although the American warkshcp
participants stressed that they did not have the authority to make coamitments on

bebalf of the NAS or any U.S. governmnt organization, the Soviets thought that

this memorandum was still nest inportant. (See Appendix.)

It was agreed, however, that cooperative work was in everyone's best

interer and that everythIrx possible that could be done to suport this
initia Lve should be done. The representatives of the oil and gas cumpanies at

the meetirq were very positive and gave strong suort to such a m.randu.
Moreover, they stated that they would be able to provide at least partial
financial support for the activities of the proposed cocmittee, wihich would be
comiposed of five scientists from each country. Mve experience could be
illuminating for both sides.

V. SITE VISITS

Krlov Ship Researdc Institute

Founded in 1894, Krylov is extremely large in size and scope. Evident by
the variety of models of warships on display, this institute did considerable work

for the Soviet Navy. Its projects vary widely and deal with modeling, nuclear
powered ships, deep-sea subaersibles, hydrofoils, and havercraft. The institute

also works for foreign firms and is interested in acquiring additional foreign

business. Moreover, Krylov offers short-term seminars (2-3 days) on specific

subjects and is considering making these lessons available to foreigners. In

addition, it appears that the institute conducts investigations that contribute

to specific ship designs, bit does not do the actual designs itself. Similarly,

Krylov coxducts investigations of materials, though it does not develop new
materials. Krylov's staff includes 60 Ph.D.s aid approximately 500 D.Sc.s.

Though the NAS delegation toured some open water basins and Krylov's ice
tank, only the latter will be discussed. The head of the ice model basin,
Dr. Valery Belyashov, gave the primary presentation. According to Dr. Belyashov,

the institute uses saline ice to simulate natural sea ice, and recently has been
focusing on problems relating to propeller design for icebreakers. The Soviet

presentations on this subject were very impressive and the analysis very

sopisticated. The American group was not aware of similar work on propellers

being undertaken in the West. The facility itself was in good shape and was being
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extensively used. However, it should be noted that the data logging equipment

---- red to be old and outdated by ap•rximtely 20 years.

It would be very interesting for Western industry to give Krylov a smal

testing contract to see how easy it would be to work together. There may be

problems with secrecy, as this was the one laboratory where pictures were not

allowed to be taken. If a decision relates to the collection of data in
sensitive areas (such as the seas north of the Russian mainland), Dr. Nikolay P.

Laverov should be addressed. Dr. Laverov served on the Cabinet of Ministers of

the USSR and the State Committee on Science and Technology of the USSR. At the

time of this workshop, he was also the Chair of the Commission on Arctic Problems

of the Academy of Sciences of the USSR. According to Dr. Frolov,

Dr. Laverov is the senior official who clearly has the authority to make such

decisions. As a geologist, Dr. Laverov can understand the technical issues

involved in such projects. In this case, the difficulty is in trying to meet with

such a highly placed individual.

In the future, a serious attenpt should be made to develop a significant

joint program with Krylov. The institute has both the data and the experience.

The Krylov scientists would seem to welcome a program such as this, and the
American scientists would learn mudh in this area. The cooperation would not be

easy to arrange, bit it certainly could be worth the effort. However, some care

would clearly have to be taken to minimize the conoerns of all parties.

Iginir4ad SL ,te University of Ocean Technoloav
This university trained most of the Soviet naval ardcitects and engineers.

The Rector of the University gave a fascinating talk regarding his institution.

The university has specialists in five main areas:

1) general studies (math, giysics, materials, chemistry),

2) shipbuilding/ocean engineering,

3) machinery,
4) electronics (the largest group),

5) managemnt and econcmics.
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Its budget is about 30 million rubles, of whicd two,-thds fr the

state. 7lb outside funding of 10 million rubles fr•m the military (10%) ard

from industry (90%). (most of this money is not for science.) Pwently, the

sport for basic research has been drying up. The university used to have,

roihly stated, 3 million rubles for basic research, but n has only oe-tenth

of that amount. 7bs rector also expressed cocern about losing the best of the

university's staff members. ([he university currently has 50 chairs, 78 full

professors (D.Sc.) and 300 Candidates of Science.]

Having foreseen these financial difficulties, the university cut its student

body fram 1225 per year to 750 per year. At present, the institution graduates

only about 500 students per year. A large percentage of its graduates in the past

went to work designing and building submarines, but now that the demand for this

is lw, there is no need for as many graduates. The rector stated, "we would

design one and they would build one or two of them, and the next thing you know
they wanted another design. That took a lot of people. Hwever two to three

years ago, the order book for new submarines went to zero; thus, we figured that

the demand for our graduates would be less and we started cutting back." 7be
university has no started its wn enterprise by producing items invented by

faculty members. The rector appeared to be rather pleased with these activities
which were showing considerable promise and profit.

The rector appeared to be very interested in developing cooperative work

with U.S. universities and cmpanies. Presently, the university has a program

underway with Worcester Polytechnic Institute in Massachusetts (WPI). In this

program, WPI sends students .n ':bi social sciences and languages to leningrad

State University, which, in turn, uses the hard currency obtained from this
exchange to support its science and engineering professors when they spend

sabbaticals at WPI. Clearly, the rector wants his staff to go abroad to broaden

their interests and to increase their knowledge of the latest technology. On the

other hand, he does not want lose all of his best people. He feels that the

university is in a crisis situation at present, and that it will be difficult both

to survive and to maintain high standards. His vision of the university's

research emphasis during the next 5 yea: is as follws:
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1) materjals (special steels for reactors, inproved equipment and
technology for nuclear stations, to enhance their reliability, materials

with shape my),
2) modeling of proesses (The university needs better cxmpter facilities

and better and more specialized software.],

3) 1 -Mt tWO for acoustcs,

4) geqohsics (studies at 0.1 to 0.2 Hz) (7his work was started for the

military, but is now believed to have saw important civilian

applications. ],

5) propulsim (with euphasis on redwcing noise),

6) n pwer uysteas utilizing hydrogen,

7) ele cs (Roughly one-third of the university is focused on this at

present. ].

From this list of research topics, it is clear that the university was still

performing significant work for the Soviet Navy.

After the rector's presentation, the NAS delegation group was given a

facilities tour by Professor L. I. Slepian.

Arctic and Antarctic Research Institute (AARI)

This 70-year old institute with a staff of 2,000 runs six ships, several

Antarctic research stations, and one to two drift statios in the Arctic Ocean.

(It is housed in a relatively new building of at least ten stories.) The
American delegation found AARI, whidh belongs to the Hydrcmeteorological

(Gidrcneteorolzdat) Ministry, to be quite different from the universities and the
institutes of the Academy of Sciences. Dr. Y. E. Nikiforov, Assistant Director

of AARI (himself a theoretician who works in numerical modeling) and Dr. Sergey

Karpekin, Depity Director of AARI, addressed the delegation. Dr. Nikiforov stated

that the Soviets knew American results better than the American scientists knew

the Soviet results. He also suggested that Soviet work (presumably in ice

dynamics modeling) was better than the American work.

AARI's principal interests are ice as a material and the physical and

mechanical properties and dynamics of natural ice covers. Research areas of

particular interest to the institute also include thi remote sensing of ice

covers, relations between the structural and electromagnetic properties of ice,
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and the influenc of ice on engineering structures including ships. (AARI works

closely with the Northern Sea Route Administraticn.) In general, the institute's

research approaches are similar to those of the West. 7he split betwee

laboratory and field studies is roughly 50/50, but 80% of the funding goes to

field programs because of the high cost of logistics.

Dr. Nikiforov answered a number of questions that were posed to him by the

NAS delegation. An interesting exchange took place and is summarized as follows:

Q: Is AM interested in infoxmtion exchanges?

A: Yes, but such exchanges must be specified in a joint agreement. AART has

similar bureaucratic problems to organizations in the U.S.

Q: is the fact that AUX belongs to the HydranIteorological Ministry iqrtant?

A: Yes. To deal with AARI, it is probably necessary to sign a separate

agremnent with the Ministry. Without this step, it is doubtful that AARI

would receive the funding necessary to honor the agreement. [It was implied

that an agreement with the ASUSSR did not carry uuch weight with

Gidrcmeteorolzdat.]

Q: Would you consider undertaking a joint research program on ice fracture and

acoustic noise?

A: No.
Q: Do you have detailed information on sea ice conditions in the Soviet seas?

A: Yes. However, we cannot release such information to you without specific

permission fran our Ministry.

Q0 During recent years AM has omnly operated two drifting stations in the

Arctic Basin. At present, only one station is operating. Do you plan to

operate one of two stations in the future?

A: We have cut back to one station because of funding limitations. [(his left

the opportunity for AARI to return to two stations when it can afford it. ]
Q: Recently there have been several papers published in the Western literature

which have examined the extent of the arctic ice pack to see if there are

any temporal trends that oould be associated with a greenhouse effect.

Based on your extensive experience, have you discovered any systeatic

decrease in overall sea ice extent in the Arctic?

A: No. However, the variations from location to location and from year to year

are very large.
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Q: Mich is osier, Joint wok in the rct!i or in the

A: Joint work in the Antarctic is muoh easier. [In fact, a joint U.S./U.S.S.R.

drift station is planhed for the Wddell Sea during 1992. Recently, NSF has

signed a cooperative agreement with the Soviets for work in sno and ice

engineering related to the operation of stations in the Antarctic. This

should be contrasted with the fact that U.S. scientific parties, which were

planning to utilize a Soviet icebreaker cruise from ftrmansk to the Bering

Strait via the North Pole, have been informed that no science can be carried

out on the cruise. This is despite the fact that the cruise was a Soviet

initiative with a ticket price of roughly $20,000 for each U.S. investigator

and that the details of the U.S. science program had been known to the

Soviets for some time.]

Following this discussion, the NAS delegation toured the AARI ice tank. The

tank, which like Krylov uses salt ice to simulate sea ice, is only two years old.

It is the successor to AARI's original tank (which was apparently the first ice

tank in the world). The tank dimensions are 40 meters by 5 meters by 2 to 7

meters (in depth). The Soviets can freeze the ice at two different rates

depending upon whether they use the cooling coils on the ceiling (slow freezing)

or a covering system which provides an air temperature of roughly -25 degrees C.

once the required ice thickness is achieved, the scientists warm the room's
temperature to get the proper values for the ice strength and elastic modulus.

Though Dr. Nikolaev is apparently in dchrge of the tank, Dr. Vladimir

Likhananov gave the presentations. There was no ice in the tank when the NAS

delegation visited the premises.

Although apparently new, the tank did not appear to be in the best

condition. Dr. Weeks asked about the Soviet experience with using salt. (Western

laboratories have largely discontinued its use because of severe corrosion

problems). The Soviets replied that they used special rust-proof materials and

therefore did not anticipate such problems. (It was noted, however, that there

was already thick rust present all over the tank.) There was an impression that

the Soviets had not used this tank a great deal, and one of the Soviet specialists

confirmed that they did not have many requests for studies. Ckmparatively, the
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M tank did not seem to be as impressive as the Krylov facility.

7he NAS delegation could have easily spent wore time at AARI. here was

unfortunately no ogportunity for a visit to the ice reconnaissance group that is

located on the eighth floor of AARI. This group has experience operating a sea

ice thickess radar with reportedly very inpressive results. But even during the

brief visit, i interesting discussions were carried out with Dr. Gavrilo

regarding remote sensing. Dr. lebedev's group clearly wants to beom involved

in a cooperative ice structure-ice properties (electrical and medanical) remote

sensing program. In fact, Dr. Lebedev specifically stated this desire. As a

result, Dr. Weeks plans to propose such a cooperative program including a joint
field operation. Dr. Weeks maintained that this type of program would not be easy
to arrange even with the best will on both sides, since many people in addition

to the scientists iust approve American-Soviet cooperation in this field. He
added that perhaps this kind of cooperation could only be accomplished in the

Antarctic. Nevertheless, he believes such an initiative should be attempted.

There is little doubt that AARI is where the real experience lies corxmring
Soviet research in ice structure, ice properties, and ice applications of remote

sensing. In the area of offshore design, the expertise appears to be mare
diffuse. This is particularly true as the result of the recent death of

Dr. I(heisin who was AARI's top expert on this subject.

Leningrad State Technical University
This university, which has graduated 140,000 engineers, houses several

different institutes and 56 departments. Its staff includes 7 academicians and
12 corresponding members of the Academy, 2,000 teachers, and professors (1,100

Ph.D.s and 250 D.Sc.s). The current student body is composed of 20,000 students

including 1,200 foreign students. Approximately one-third of its program is

cx=Iucted in the evening. The university largely responds to the plans of the

Academy of Sciences. In the past, the gaverrmnt only required that the
university prepare students and conduct research. Now, in addition to its other

tasks, the university must carry out business operations since it does not receive

adequiate funding from the State.

Professors Shkhinek, Simakov, Rosen, Sokolov and Bogolov gave presentations

to the NAS delegation that were largely focused on theoretical considerations.
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Professor �sen stated, "Our th tice is the best in the world and we are very

inexpensive to support with foreign currency." Te latter part of his statament

is urzguesticmably correct. At present, working scientists get paid 3000-4000
rubles per month, which at the September 1992 exchange rate of 215 rubles per

dollar, equals ately $18.60 per month.

The NAS delegation went on to tour som of the laboratory facilities which
were generally in the field of ocean engineering and ware not that advanced by

Western standards. There was no doubt that the professors to who the NAS

delegation talked ware very interested in cooperative work of any type.

VI. ---m_ ____

Evidently, Russian universities and institutes [that have ccme under the
purview of the ASUSSR] have been told to make Western contacts and to undertake

joint programs for the purpose of obtaining hard currency. They are trying hard

to do just this in order to pay for their scientists and rneessary supplies. The
transition to a more open econrxy, however, is going to be particularly difficult
for the research ocmmunity in the former Soviet Union. There seems to be a common
Soviet misconception that American scientists are extremely wall funded. When

Dr. Frolov visited University of Alaska at Fairbanks, for example, he initially
seemed to think that additional research funds could be easily obtained.

Considerable effort was undertaken to explain the real situation in U.S. science.

He expressed surprise and amazement at the recent reports on Fairbanks' funding
levels and patterns. Dr. Frolov and his knowledge of the U.S. science structure

seems to be the exception. The vast majority of Soviet scientists whom the NAS

delegation met while in the USSR appeared to hold unrealistic expectations of the

possibilities for U.S. support for Soviet science. On a similar note, the Soviets

may not understand what would be expected of them should they receive such

funding. (This would be especially true if they were to receive funding from
private oampanies where instant performance is assumed and where coipany engineers

look over their researchers' shoulders.)

The level of output of Soviet scientists was different than the level in the

United States. This was exemplified by visits to large Soviet organizations that
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emploay far more scientists in the general area of ice and s research than are

employed in all U.S. and &ropean institutions combine together. 7he output of

these Soviet groups was small, and in many cases not as grounckreaking as it cxold

be, given the fact that some of the key issues in the field ware rot being

addressed. (Many Soviet papers would not have been approved by peer reviewrs in

the West.) However, in the most recent publications of AARI, there has been a

significant change. The papers have started presenting details with charts,

tables, graps and maps. This academic aproach is an encouraging developmnt.

In their efforts to seaure hard currency, the different Soviet organizations

are clearly in head-to-head competition with each other. If one wishes to arrange

a cooperative study with a theoretician or an experimentalist at either a

university or an Academy institute, a few problems would most likely arise. 7he

most difficult problem would probably be to obtain funding. (In this area, the

one exception among the institutes that were visited by the NAS delegation was

AARI. This may simply be because AARI is in a government ministry.) Given the

political and military sensitivity of the Arctic Omean and its peripheral seas,

the possibilities of joint research is oxmplicated. Another problem is that

scientists never seem to have the opportunity to directly discuss the researdc

issues with the people who have the ultimate decision making authority in these

areas.

It is worth noting that the final sentence in the second paragraph of the

m~rarum of cooperation is as follows: "It is further suggested that the U.S.

National Science Fourdation and U.S.S.R. Academy of Sciences add the subject area

of ice mechanics to its approved list, 'Scientific Problems of the Arctic and the

North' that are considered as appropriate for U.S.-U.S.S.R. cooperation in the

field of Basic Scientific Research." Although it was repeatedly pointed out that

NSF had removed the restrictions on subjects that could be considered under this

program, the Soviets were adamant that such a statement be included. They had

evidently found such restrictions to be a hindrance in the past.

The NAS delegation attempted to make the m• as flexible and as simple as

possible. It was generally felt that activities carried out under the memo would

be focused and implemented by small groups of specialists. It was also apparent
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that the Soviets felt that the memo would make it easier for their institutes to

interact with American oil ccmpanies. The hope was to have the mom signed by the
tim the NAS delegation left the U.S.S.R., but this did not prove to be possible.

1he poor maintenance and construction of the Soviet institutes contributed
to the overall gloomy mood of the Soviets scientists. The next few years will
'undobtedly be difficult for scientists in the former Soviet Union. Mutually
advantageous scientific exchanges and joint research programs would clearly aid

the science commnty in the former Soviet Union. It is the opinion of the
American delegation chair that, in areas such as ice mechanics where the Soviets
have had so nmh experience, well designed researdh collaboration could be very

beneficial scientifically and even cost effective for the United States. Such
joint programs should receive significant support. In the future, the return on

these possible U.S. investments could be very substantial.
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VII. Ida"ITcI _I___

N•IEWN F•.uAl FMR W%-ASUB ICE MM•%MICS O

Robert L. Brown Arnold D. Kerr
Department of Civil Engineering University of Delaware

and Engineering Mechanics Department of Civil Engineering
Montana State University Newark, DE 19716
Bozeman, NT 59717 302/451-2756
406/994-6122 302/292-3640 (FAX)
406/994-2893 (FAX)

Donald E. Nevel
David M. Cole Production Engine-ring and
Cold Regions Research and Research

Engineerin Laboratory Co , In.
72 Lyme Road P.O. Box 2197
Hanover, NH 03755-1290 Houston, TX 77252
603/646-4217 713/293-1258
603/646-4640 (FAX) 713/293-5529 (FAX)

Max Coon Wilfrid A. Nixon
The BDM Corporation Institute of Hydraulic Research
16300 Christensen Road 13 University of Lgtn
Suite 315 Iowa City, IA 52242-1585
Seattle, WA 98188 319/335-5237
206/439-5300 319/335-5238 (FAX)
206/439-5250 (FAX)

Robert S. Pritchard
Gordon F.N. Cox (NAS Vice Chair) IceCasting, Inc.
Amoco Production Company 11042 Sand Point Way, NE

Research Center Seattle, WA 98125-5846
4502 East 41st Street 206/363-3394
P.O. Box 3383 206/363-3394 (FAX)
Tulsa, OK 74102
918/660-3339 Anton Prodanovic
918/660-3274 (FAX) Mobil Research and Development

Corporation
Thcoas Curtin Dallas E & P Engineering
Office of Naval Research 13777 Midway Road
Code 1125 AR Dallas, TX 75244-4312
800 N. Quincy Street 214/851-8304
Arlington, VA 22217 214/851-8385 (FAX)
703/696-4118
703/696-4884 (FAX) Jacqueline A. Richter-Menge

John P. Deqpsey 72 Lyme Road
Department of Civil and Hanover, NH 03755-1290

Environnental Egineering 603/646-4266
Clarkson University 603/646-4644 (FAX)
Potsdam, NY 13699-5710
315/268-6517
315/268-7985 (FAX)
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Devinder S. Sodhi Walter B. Tucker, III
CREL aREL
72 Lyme Road 72 Lyme Road
Hanover, NH 03755-1290 Hanover, NH 03755-1290
603/646-4267 603/646-4268
603/646-4278 (FAX) 603/646-4278 (FAX)

S. Shyam Sunder Albert T. Wang
Departnent of Civil Engineering EMxon Production Researdi
Room 1-274 COMn
Massachusetts Institute of Tecutology P.O. Box 2189
CaMtridge, MA 02139 Houstcn, TX 77252-2189
617/253-7118 713/940-3750
617/253-6044 (FAX)

Wilford F. Weeks (NAS Chair)
Geophysical Institute
University of Alaska
Fairbanks, AK 99775-0800
907/474-7280
907/474-7290 (FAX)

NAS STAFF

Kathleen K. Trivers
Soviet & East European Affairs
National Academy of Sciences
2101 Constituticn Ave.
Washington, DC 20418
202/334-3654
202/334-2614 (FAX)
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V.M. Alexandrov S.S. Grigorian
Institute for Problems in Mechanics Scientific Research Institute
USSR Academy of Sciences of Mechanics
Moscow, USSR Moscow State University

Moscow, USSR
A.T. Bekker
Civil Egineering Department A.A. Iliady
Far-Easten Polytechnical Institute All Union Research and Design
Vladivostok, USSR Institute for Offshore Oil and

Gas Recovery (WIPI~lrneftegaz)
A.B. Below Moscow, USSR
All-Union Research and Design

Institute for Offshore Oil and D.E. Theisin
Gas Recovery (VNIPI~orneftegaz) Arctic and Antarctic Research

Moscow, USSR Institute
Leningrad, USSR

E.A. Bondarev
Institute of Physical-Technical N.G. Khrapaty

Problems of the North Far-Eastern Polytechnic Institute
USSR Academy of Sciences Vladivostok, USSR
Yakutsk, USSR

D.M. Klimov
V.A. Borodkin Director
Arctic and Antarctic Research Institute for Problems in Mechanics

Institute USSR Academy of Sciences
Lenad, USSR Mocw, USSR

V.I. Danilenko S.A. Kolesov
Institute for Problems in Mechanics Arctic and Antarctic Research
USSR Academy of Sciences Institute
Moscow, USSR Leningrad, USSR

V.P. Epifanov B.G. Korenev
Institute for Problems in Mechanics Moscow Civil Engineering Institute
USSR Academy of Sciences Moscow, USSR
Moscow, USSR

E.B. Koreneva
K.V. Frolov Moscow Civil Engineering Institute
Vice President Moscow, USSR
USSR Academy of Sciences
Moscow, USSR S.K. Kovalov

Arctic and Antarctic Research
V.P. Gavrilo Institute
Arctic and Antarctic Research Lenmirad, USSR

Institute
leiinrad, USSR V.A. Kudyunv

Arctic and Antarctic Research
R.V. Goldstein Institute
Institute for Problems in Mechanics Leningrad, USSR
USSR Academy of Sciences
Mosoow, USSR
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V.P. Larionov K.N. Shkhinek
Institute of Physical-qtenical Leningrad State Tedical University

Problems of the North Leningrad, USSR
USSR Academy of Sciences
Yakutsk, USSR A.A. hmtkova

Institute for Problems in Mechanics
G.A. Lebedev USSR Academy of Sciences
Arctic and Antarctic Research Moscow, USSR

Institute
Leningrad, USSR V. N. 2hDakov

Krylov Ship Research Institute
V.A. Likhomanov Leningrad, USSR
Arctic and Antarctic Research

Institute G.V. Simakov
rninsadI USSR Leningrad State Tecnical University

Lenirad, USSR
A.V. Marchenko
Institute of Applied Mathematics L.I. Slepian
Vladivistok, USSR Leningrad State University

Leningrad, USSR
D.G. Matskevitch
Leningrad State Technical University S.A. Vershinin
Leningrad, USSR All-Union Research and Design

Institute for Offshore Oil and
V.L. Mazo Gas Recovery (VNIPIMrneftegaz)
Institute of Geography Leningrad, USSR
USSR Academy of Sciences
Mosow, USSR A.N. Zlatin

Leningrad State University
V.V. Mikhailichenko of Ocean Technology
Head Leningrad, USSR
Northern Sea Route Administration
USSR Ministry of the Merchant Marine

D.A. Mirzoev
All-Union Research and Design

Institute for Offshore Oil and
Gas Recovery (VNIPlmnvreftegaz)

Moscow, USSR

N.M. Osipenko
Institute for Problems in Mechanics
USSR Academy of Sciences
Mcow, USSR

V.V. Pasynkov
Arctic and Antarctic Research

Institute
Leningrad, USSR

A.V. Pushkin
Leningrad State University

of Ocean Technology
Leninrad, USSR
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VIII. _ _ __ __ __ __ _

WCF400P C2I ICE NECLWUMCS All) ITS APPLICMIONS

Each working day the sessions were held in two time blocks. The first block

occrred in the morning usually between 09:30 and 13:00, followed by a lunch

break, with the second block starting at 15:00.

MONDAY, JTNE 17

aPmING or WiRKmS1
10:00 - 11:00 Introduction

S -es: K.V. Frolov, Vice President, ASUSSR

D.M. Klimov, Corresponding Member, ASJSSR;
Director, Inrstiute for Problems in Mechanics

W.F. Weeks, Member U.S. National Academy of Engineering;

Professor of Geophysics, Geojrysical Institute;

University of Alaska at Fairbanks

V.V. Mikhailichenko, Head of Northern Sea Route

Administration, USSR Ministry of Merchant Marine

11:00 - 11:30 MathWn-tlica Modeling of Large-Scale Floating IZe Wotion
Speaker: S.S. Grigorian

11:30 - 12:00 Interrelations Between Growth Conditions, Sea Ice Structure, and

Sea Ice Properties

Speaker: W.F. Weeks

12:00 - 14:00 Lunch

NEC3INICL P1•)P S COP ICE. DCHANDTIGt A FRACTMRE.

Chairs: s.S. Grigorian and W.F. Weeks

14:00 - 14:30 Deformation and Fracture of Ice
Speakers: R.V. Goldstein, V.P. Epifanov, and N.M. Osipenko
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14:30 - 15:00 Fracture Behavior and Size Effect

Speaker: J.P. Dempsey

15:00 - 15:30 Crack Propagation In Ice Cover umder the Action of Moving Noma'

Load

Speakers: A.V. Pushkin, L.I. Slepian, and A.N. Zlatin

15:30 - 16:00 Break

Chairs: N.S. Sol1menko and A.D. Kerr

16:00 - 16:30 Modeling the Brittle Compressive Failure of Ice: Possibilities

and IMlications

Speaker: W.A. Nixon

16:30 - 17:00 On the Question of Physical Properties of Bea Ice

Speakers: V.A. Borodkin, V.P. Gavrilo, S.K. Kovalov, G.A. lebedev, and
v.v. Pasynkov

17:00 - 17:30 Prediction of the Mechanical Properties of Umdefomed First-Year
Sea Ice During the Growth Season

Speaker: G.F.N Cox.

WEUSDAY, JUNE 18
ICE COVER NMMCNICS

Chairs: L.I. Slepian and D.E. Nevel

09:30 - 10:00 Bearing capacity of Ice Covers Subjected to Static and to

Oscillatory Loads

Speaker: A.D. Kerr

10:00 - 10:30 Problems Related to the Static Strength of Ice Cover

Speakers: B.G. Korenev and E.B. Koreneva

10:30 - 11:00 The Mechanics of Pressure Ridge Building from a Wide
Visooelastic Plate

Speaker: M. D. Coon
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11:00 - 11:30 Break

Chairs: G.A. Iebedev and G.F.N. Cox

11:30 - 12:00 Numerical Simulation of the Drift of a Variable Thic .. Ice

Cover in the Arctic Ocean

Speaker: S.A. Kolesov

12:00 - 12:30 Sea Ie Dynamic Models

Speaker: R. S. Pritchard

12:30 - 13:00 A Nodel of Drift-Ice

Speaker: A.V. Marchenko

13:00 - 15:00 Lunml

ICZE UDS

Chairs: N.G. Khrapaty and R.L. Brown

15:00 - 15:30 The Ice Research Programs and Experlmental Facilities of the

Krylov Ship Research Institute

Speaker: V.M. Shpakov

15:30 - 16:00 Probabilistic Ice Forces

Speaker: D.E. Nevel

16:00 - 16:30 Simulation of Ice Loads n Ship Huls and Off-Shore Structures

Speakers: (D.E. Kheisin), V.A. Kurdyumov, and V.A. Likhcmanov.

16:30 - 17:00 Ice Loads on Structures - A Case Study

Speaker: A.T. Wang

17:00 - 17:30 ThefMa ical Modeling of Ice Intwith Vertical Piles

Speakers: D.G. Matskevitch and K.N. Shkhinek

24



yflWaY. JUNE 19

Cutural Program

THMRDY . JUNE 20

ICE immR

Chairs: V.M. hpakov and M.D. Coon

09:30 - 10:00 Ice Loads on Off-Shore Structures (Investigatinms of the

Ludmgrad State Technical University)

Speakers: G.V. Simakov and K.N. Skhinek

10:00 - 10:30 Dynamic Ice-Strua e Ineractin During IndetatioU Tests

Speaker: D.S. Sodhi

10:30 - 11:00 Study of Ice Action on Offshore Structures

Speaker: N.G. Khrapaty

11:00 - 11:30 Break

Chairs: G.V. Simakov and S. Shyam-Sunder

11:30 - 12:00 A Ship in an Ice Cover Uder qressiom
Speakers: R.V. Goldstein, V.I. Danilenko, P. Kujala, N.M. Osipenko,

and P. Varsta

12:00 - 12:30 Iceberg IUwact Pressure and Force Design Crit.ria for Fixed

Platforms

Speaker: A. Prodanrvic

12:30 - 13:00 Dynamic Ice-Flezible Structure Interactio P

Speakers: S.A. Vershinin, A.A. Iliady, and A.B. Below

13:00 - 15:00 Lunch
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MICAL T CF ICE: AMI I I ITR

Chairs: R.V. Goldstein and J.P. Deq•sey

15:00 - 15:30 Investigation of Ice and Clathrate C1,azte-iatim

Speakers: V.P. Larionov and E.A. Bondarev

15:30 - 16:00 Meobanical Properties of Sea IeZ: Laboratory Exrimet

Speaker: J. A. Richter-Menge

16:00 - 16:30 So Recent Developments in EgerimemItal Ice Madca at WE..

Speaker: D.M. Cole

16:30 - 17:00 Break

Chairs: S.A. Vershinin arxi W.A. Nixon

17:00 - 17:30 Modelling the Constitutive Properties of Sea Ice single Mystals

Speaker: R.L. Brown

17:30 - 18:00 Numerical Models of Ice Deformation

Speaker: S. Siyam-Sunder

FRIDAY. JUNE 21

ICE MEC•CNI: VNXIOcX OAM

Chairs: V.P. Larionov and D.S. Sodhi.

09:30 - 10:00 Defomating of Ice Under Influence of C0ning to Surface Rigid

Body

Speakers: V.M. Alexandrov and A.A. Shmatkova

10:00 - 10:30 Field ets of Pack Ice stresses

Speaker: W.B. Tukcer, III

10:30 - 11:00 Ice Island Structures for Exploration Drilling

Speaker: D.A. Mirzoev
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11:00 - 11:30 Break

Chairs: K.N. Shkhinek and A.T. Wang

11:30 - 12:00 Instability and Self-Organization of Ice Sheets

Speaker: V.L. Mazo

12:00 - 12:30 Sea Ice Yi-ohanics in the Ctet of United States Arctic marimn

Basic Research
Speaker: T.B. Curtin

12:30 - 13:00 Definition of the Loadin Regime on Offshore Structures fr-w

Drifting' Ice Co~vers
Speaker: A.T. Bekker

13:00 - 15:00 Lunch

DI SSION

15:00 - 17:00 Education and Placement of Cold Region Mxlnsers
Speakers: J.P. Dempsey, N.G. ~hrapaty, W.A. Nixon, K.N.

Shkhirek, S. Shyam-Sunder, G.V. Simakov, L.I. Slepian,

and P. Varsta

17:00 - 17:30 Conclusion

MnPý, JUNE 22

Evening: Departure fran Yb~scaw to Leningrad by train

SUMRY7-UT M. JUN 23-25

Visit to Leningrad Institutes

"* Arctic and Antarctic Research Institute

"* Krylov Ship Research Institute
"* Leningrad State Technical University

"* Leningrad State Tedmnical University of Ocean Technology
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TSM. JUNE 25

Ewenlrq: Departure frczn Lemngrrad by train

Uwl PAM. JUNE 26

Day: Departure frmu the USSR

(several participants departed via st. Petersburg.)
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V.J. Amndrav awd A.A. Sbmatkova

Institute for Problems in Mechanics

M cadmy of Sciences, Moscow, USSR

D00 0129dWO OF ICE UN)U InaWENE OF CMM TOURnF8 RIM EWY

Deforng of ice by cong to surface rigid body has been studied. Te
problen of this kind may apear, for example, when protecting hydrotA nical

constructions from the influence of an ice cover, bemause the mcanical

destruction of ice with the help of rigid shiplifting pontoon may be one of the
methods of protection.

The contact problems for the plates lying on the hydraulical base in the
conditions of the cylindrical bend are considered. The plate is influenced by the
smooth rigid stanp, which is pressed by the force from the side of liquid. 7he
base of the stanp is described by the equation y=f(x), where f(x) is an even
function. Side by side with the general case particular examples are considered:

when f(x)= -c*x, (c>o) is an exact analytical solution of the problem is received,
when f (x)= -c*x solution is received with the help of graphic-analytical
exploration. The method of the solution is written and the program of the

numnerical realization of the problem is made up for the general case, when f(x)

is an arbitrary even function.

Different kinds of the physical picture of the problem are considered in the
e on changing of the introduced dimensionless parameters, connected with

bending rigidity of the ice plate, coefficient of the bed of the base, the density

of ice, and free-fall acceleration. Complete solution is written and restrictions

are imposed on the dimensionless parameters. The limits of changing of the value
of the buoyant force in the dependence on changing of the physical characteristics

of the ice plate, hydraulically based, and the form of the coming to surface body

are given.

The next cases of a contact are explored in detail: 1) there is a contact
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between the comirg to surface body and the ice plate at sam section, further

there is the section of the ice plate, which has no contact with the hydraulical

base and then the section whzre the plate is lying on the hydraulical base; 2)
there is a contact between the cuming to surface body and the ice plate at some

finite section and then there is a contact between the plate and the base; 3)

when the section of the contact between the cuming to surface body and the plate

is turning practically into a point.

The expression for the bending moment is written and the cross-sections

where the bending moment adcieves the maximum absolute values are shown.

The results of the work may be sued for the calculation of the capacity of

pontoon, providing breaking of ice covers. The corresponding axisymmtric problem

may be studied in the same way.
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LT. Dekklr
civil m~imiMDqartuwnt
Par-Estern Polytecbmical Institute

DEFflUTI OF ME UCADfIM RBM= CIN CFSHIW wmIUUM
IRCK EPflT3G ICE ODVEW

The designers of offshore ice-resistant structures in ice covering seas need

information not only about the extree ice forces but about the middle values too.

Also one needs information about the ice force variance during life time for

structures and their element reliability analysis.

Mis problem may be solved by modelling of ice force as a stochastic

process. Investigation of process parameters with the help of physical modelling

is difficult and needs a long time to work. So it is clear to use the

mathematical mode good way. The method of statistic modelling theory was used

considering the stochastic nature of main parameters change which influences

drifting ice cover-structure interaction. An imitation model of ice force action

in time was developed on the basis of the mathematical model of failure process
at contact surface and statistical data about ice regime parameters in git=.

The proposed model gives an opportunity to receive the ice force as a

stochastic process or another words with main force characteristics. In the case

of application of a sinplified model of ice failure process one can estimate the

ice force distribution, number of cycles and other parameteras stochastic

values.

7he given information may be expressed as histograms of ice parameters

distribution or as time curves of stochastic values with their *probability

characteristics.
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V.A. 90rOM~in, V.P. GCvrilo, O.K. Kovalov, G.A. Lbedev, an V.V. Pauyzkov

Arctic an Antarctic Research Institute
Unnga, USSR

CH = QU ETIMI OCF 72M MMICAIL PHPE M Cr S IW

Spatial orientation of crystallin structures of sea ice characterized by the

degree of order of principal optic axis in its azimuth position d•.- to the effect

of currents are widely distributed both in fast and pack ice in p ,lar regions.
Laboratory studies and full-scale research of sea ice show that due to permanent

flaws under the ice the crystals of fibrous structures aspire to fill a position

at which their principal optic axis becomes parallel to the direction of flow.

As a result, the spatially ordered azimuth orientation of crystals that stipulates

anisotropy of physical proportion of sea ice is created in ice fields.

The mechanical characteristics of sea ice samples, obtained experimentally
by the technique recamended by the Ice Committee of International Association for

Hydraulic Research, have been analyzed. A relationship has been found between the
ice strength at uniaxial ccmpression and the direction of load application

(structural anisotrpy). The strength of ice with fibrous structure changed

within 30% of the maximun value corresponding to the direction of load application

along the principal optic axis. An analogous depredence has been obtained also

for the rate of distribution of longitudinal waves in ice samples.

The experimental studies on electric characteristics of sea ice in the

micrwave range have also revealed a considerable anisotropy of specific

attenuation of electromagnetic waves and the index of refraction for ice of

different types and age.

The changes in these values deperding on the turning angle of
electromagnetic field intensity stress vector relative to the dominating direction

of principal optic axis of oriented crystals are rather considerable: they amount

to 70% and 10% of maximum value respectively.
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Mmus, a cumparative analysis of structure, physico-mechanical and electrical

characteristics obtained for the sane ice samples allowed one to be oonvinced in
not only close interrelation between the above parameters, but also to give its
quantitative estimation. The results obtained gave the grounds to believe that
anisotropy of physical properties is to be taken into acount when solving applied
probem, particular, when iqproving the methods for numerical estimation of

interaction forces between sea ice cover and engineering structures.
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R.L. hGM

civil a- and •in ring Medcanics DL

itam State..t UdA"Wity- Dozemal, I H

M3ODELL WM uC•EIT IVE PRCOITPiW SU ICE SIM= CRYULA8

Little is known about the b ortance of intracrystalline def tinal

processes as ncupared to intercrystalline processes for determining the mechanical

properties of polycrystalline ice. This is particularly true for sea ice, since

the presence of brine may have a significant effect on both of these processes.

7tis effects are not yet well urderstood.

In order to obtain a better understanding of the role of intracrystalline
deformation cesses, a study involving both analytical modelling and laboratory

testing was undertaken. First the deformation of single ncrsaline ice crystals

was described in terms of dislocation strains on a discrete set of dislocation
systems involving the basal, prism, and pyramidal planes. Crack damage effects

were not initially included, since only lw-to-intermediate strain rates were
ocisidered. Calculated results showed realistic material behavior for creep

strains, delayed elastic strains, stress response to prescribed strain rates, and
stress relaxation. For sea ice single crystals an additional deformation

mechanism due to the platelet substructure of sea ice was added to those already

determined for ncnsaline ice. This additional effect was represented as a coupled

slip process on the basal plane due to the viscous interplatelet slip in the brine
layers separating the platelets and the dislocation strains ocurring in the ice

inclusions which connect many of the platelets. Calculated results showed that

this additional mechanism can potentially have a significant effect on the

material properties.

A series of constant strain rate tests on single sea ice crystals and

nonsaline single crystals were completed. These tests provided a preliminary

comparison of the properties of these two single crystal materials. The results

shwed that under constant coupressive strain rates, the peak stress readied with

the nonsaline ice was almost an order of magnitude higher than for the sea ice.

The steady f low stress was roughly three times as large. These differences in the
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prcpezties of saline and nonsaline sinle crystals appear to be larger than for

polycrystalline ice, thereby suggesting that intracrystal•ine effects may rot be

the predominant processes which determine the properties of polycrystalline ice,

either ronsaline or saline.

Current work involves more detailed testing of single crystals over a

teaperature range of -10MC to -400C. These tests should provide a better

urilestanding of the eformation ani wt ich determine the propertles of sea

ice crystals. Work is also continuing on the analytical modeling, were more
crrreheAsive descriptions of the dislocation dynamics are being studied.
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D,,,i. Cole

U.S. my Cold Regi Research a botory
3mpvsr, RE i

8M REM•c D.rWSPINIS 3N C R iCM JB O CT R M

This talk focuses on two general aspects of experimental ice mechanics that
are currently under investigation at the U.S. Army Cold Regions Research and
DEgineering IAboratory. '7he first is the response of various types of ice to

fully reversed (i.e. alternating tension-ccupression) uniaxial stresses. The

unique aparatus developed to grip the specimens rigidly in the testing mdin

is described, experimental results are presented, and the influence of stress,

frequencyrA, temperature, and microstructure on the internal friction, and inelastic

strain are examined from a micromechanical viewpoint.

Aaiitio~ally, a newly developed system for performing pulse-edxo experiments
on ice at frequencies near 20kHz is presented, along with results obtained on

large ice single crystals. These results are discussed in terms of the proton

rearrangement mechanism of internal friction.
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N.D. Coo
I• m ~(Cozpoati•

M MBCi C3 CI PRESSrM RIDG BUIDIlM

FRaK A WIDE VISC--U1TIC PLMT

Recent meements of sea ice stress associated with ridge building and

time dependent analysis of lead ice indicate that a wide plate analysis of young

ice my help determine ridge building forces. These forces are upartant, in
large-scale ice dynamics in that they will control the large-scale stress.

Therefore, they are also of inportance in ernng the loads on structre if

the concept of limited driving force is adopted.

In this paper, the ice in a lead is treated as a linear viscoelastic

material and the appropriate bending equations for a uniform thickness plate
loaded on two edges are developed. These time-dependent differential equations

are solved to determine the failure load of the plate for various rates of
loading. The results will depend on elastic or viscous properties of the young
lead ice. The appropriate properties are those for a plain strain analysis and
the appropriate properties emerge from the analysis. Temperature variation
h the thickness of the plate is considered in relation to the meanical

po res. In situ and laboratory experiments to determine that appropriate
mechanical properties are discussed.

The failure loads for lead ice are used to examine possible formilations for
large-scale sea ice strength. This strength would be appropriate for use in
eoxy ical scale ice dynamics modelling. 7he results are also used to interpret

the maximn time dependent forces which can be transmitted through an ice cover.

The same stresses are available to load offshore structures in Arctic waters.
Where appropriate, measured sea ice stresses and mechanical properties are used
or ccwpared with the calculated values presented in this paper.
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A model has been developed to predict the czposite mechanical properti

of a growing first-year sea ice sheet. The model assu•• s a linear temperature

profile and considers the energy balance at the ice surface, initial salt
entrapment, brine drainage, and suction. Estimated salinity profiles are in good

agreement with natural profiles. Although the t-perature and salinity profiles
deend on the time of year when ice growth is initiated, the resultiug brine

volume and medcanical properties are unique functims of the ice thickness. These

results provide justification for parametrizing the nechanical behavior of pack

ice on the basis of an ice thickness distribution.

The t-eperature and brine volume profiles are utilized to calculate ice

strerrjth and elastic modulus profiles which characterize the camposite mechanical
properties of the ice sheet. Significant differences are found between the ice

sheet properties calculated using the coposite plate theory developed by Assur,
and the properties calculated frou uniform plate theory using average ice

properties. This is particularly true for thin, young sea ice sheets.
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!.3. Curtini

OffiLCe of )HmI Remrarcb

Arlingtoup Virginia,, UM

m• nI m 1113 a(z i cUm= ' u.s. ARCT =R•rIR MWz zJuR

The interests and efforts of federal agernies in Arctic marine basic

research are reviewed. Within this context current and future activities related
to air-ice-ocean interaction are discussed. Two sea ice-related initiatives are
described in detail: lead dynamics and sea ice mecanics.

Lead dynamics focuses on local oceanic and amtsperic heat flux processes,
ne- ice formation, and regional fracture distribution in response to forcirn. Sea

ice mechanics addresses constitutive relations and fracture mechanics in the scale
range from a few oentineters to a few kilometers with scale interrelationshIps a
primary issue. Both modelling and field observations are outlined.
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J.P. Duuiin

Dmsrtit of Civil and wixu.mtal

M U Udiversity, Potsdam, M, M
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Mhs workshop presentation will focus on the followin topics:

- the laboatory scale fracture behavior of sea ice;

- the effects of mi=rstrunxre, t-iperature, salinity, and porosity

on the fracture behavior of sea ice;
- the nature of crack nucleation, initiation, and propagation in sea

ice;

- specimen size effects: the determination of fracture behavior of

sea ice at the structural scales - with the associated teerature
and salinity gradients - from laboratory scale behavior.

At the laboratory scale, the issue of notch sensitivity and brittleness of

the test failure is used to forecast the necessary specimen size for a material
prperty initiation toughess; a methodology has been developed suitable for all

test geometries. The scatter in the fracture toughness values reported in the

literature is partially accounted for by examinin the requisite notch acuity or
crack tip sharpness. 7he mechanics and physics of crack nucleation and
propagation in sea ice is closely related to the topic of crack growth stability.
Closely related to this subject are concern such s: under what o itiam (if
at all) does a crack in ice remain atomically sharp, and under what conditians
will blunting take place? If crack-tip blunting occurs, or if blunting does not
occur but fracture reinitiation requires a larger energy release rate, faht are
the underlying maniims, and what are the most applicable cocempts of fracture

mechanics? Information related to the above issues are of fundamental inportance
to applications involving the fracture of ice and the fracture of quasi-brittle

materials in general.

An exact quantification of the fracture process in sea ice is made difficult
by the coupled interaction of three major factors: polycrystallinity, high
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teiperature brittleness, and rate effects. For instance, in terns of tensile
fracwtre and fracture testing, there appear to be two options available:

- upgrade the size of all specimen gecmetries until the notch

sensitivity and brittleness is such as to ensure the applicability of

linear elastic fracture mechanics;
- adopt the principles of nonlinear fracture iani and

omemtrate on the associated touhness parameters, testing sub-sizeI specimens.

The first option will sinply rvt be viable for certain types of ice and
certain specimen geometries unless one is to plan large-scale tests. Concerning

the second option, size effects on several fracture parameters and the use of
nonlinear fracture mechanics has already received considerable attention for

materials such as concrete and rock; much work is needed on this topic for sea

ice.
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asxtitute for Problems in schanics

SAamy of Sciences, Moeo', WO

V. MijalA

Nisinki Vnivrsity of Terhnology, Helsinki, Finlan

N.M. Osipenko

institute for Prvblm in Mechanics

um Aademy of Scimmoes, Moscow.. US=

P. Varstas

Helsinki University of Technlogy# Be'sInki, Finland

A IN AN ICE (OVM UNDE RO~RSIQI

Results and preliminary theoretical analysis of model tests cm- te to

study a ship in compressive ice are presented. 7he investigation forms a part of

a joint research project between Helsirki University of Technlogy

(O ) /laboratory of Naval Architecture and Marine Engineering and the LS Academy

of Science/Institute for Problems in Mechanics.

The tests are carried out in the HUT ice nodel basin. The total number of

tests is 54 with two ice thickness and including tests in level ice, dianel,

compressive level ice and compressive dcannel. Towing force, speed and maximal

ccqressive force against port-side are recrded. The resistance in the

tompressive channel can be twice as large as resistance in level ice at low speed.

Experimental results analysis led to mechanical model of a vertical wall and

ice platen interaction. In a steady regime the interaction zone is divided into

two parts: the region of direct mechanical contact of the wall and ice platen,

and the region mwre the contact takes place only through fracture products.

Introducing governing equations for intermediate-layer material it is derived

relation for ice pressure on the wall (ship hull) in dependence on compression

level and wall motion speed. The results of calculations are in consent with

experimental data.
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LV. Goldstein, V.P. Sifanav, and N.X. Osipmko

Mutitute for the Prdbims in MmcbanI

MM A MY of Sca0, MosOw, UM

Ice deforation and fracture is considered as a set of wtually conected

and IntexrdPerdent processes in various scales taking into accunt ice struture,

strain rate, and temperature influence. There are discussed mainly results of the

investigations of 1) deformation and acoustic emission observation for

uicrocrackirq and 2) fracture in the presence of cracks or cracklike defects.

7bere are ugested soe hierarchcal structural model describing

int1cc-mcton 1) rodeformation and microfracture pareters and 2)

mv=ofracture tss (and macro htmmak resistance) with deforation

daracteristics.

Taqperature-strain rate c for ice deformation and fracture

aritecm are discussed.

There are demonstrated some ways for using established regularities in the

solution of applied problems including a problem of ice and ice cover interaction

with structures and icebreakers, and a problem of engineering glaciology.
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(Abstrac no~t available)
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Unzve.ity of DOMMe
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BzmtmI camni~~ or ICE CS SUBJECTE TO STIM'C

Early empirical methods for the demination of the bearing capacity of

floating ice plates that are subjected to static or quasi-static loads of short

duration.

Bearing capacity analyses that utilize the elastic theory of plates.

Analytical failure criteria. Discussion of the governing differential equations

for nmix rgmnx plates. Effect of the nrhtmogeneity of the distribution of

bending stresses, and its effect on the use of the c i stress failure
criterion. Simplification of the analytical results and their comparison with
correspoding exressios of the eapirical metkwds.

Presentation and discussion of test results on bearing capacity. Upper and

lower bound criteria for engineering applicatios. Qomparison of analytical

results with laboratory and field test data. Comments to the determination of Eý
and aý, the failure stress.

Carrying capacity of ice covers subjected to loads of long duration. Review

of analytical atteopts. Field and lab fidings. Drop of carrying capacity with

progressing time. Discussion of needed analyses. Choice of proper mrstitutive

relations. Failure criteria.

Bearing capacity of ice covers subjected to oscillatory loads. Ice cover

fatigue. Description of recent tests and presentation of recent test results.

Planned test program for ice cover fatigue and recovery.

Conclusicns and recommendations.
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D.Z. Ibeisin, V.A. I •dY#UV, and V.A. Likbcanov

Arctic and Antarctic Researcb Institute

sumaTCN a iCz LcS (N P HULLIB AM (FSZ 875WMU

1. h interaCtion of the ship's hull and the ice is cornidered as a radIom

process with a large number of randum values with complex corelation

relationships. To construct a joint function of the distribution of these values

and to obtain thus a function of the ice load distribution appears to be actually

Iipossible. The modelling of the interaction can be made by means of the prnte

Carlo method.

2. The modelling of the interaction between the ship's hull and the

offshore structure and the ice is carried out accordin to the standard schmne:

Random ice A model of interaction Random ice

conditions (deterministic) loads

As a result of the modelling the distribution functions of load parameters

are determined.

The realization of this scheme requires the following integral blocks:

- the data base on the ice situation en route of the ship's motion or

at the site of the structure to be established;

- realization of the interaction conditions;

- randum physical-mechanical ice properties;

- calculation of the ice load realization;
- a=1wlation of ice load realizations and procession of the

distribution functions.
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3. 7he following major problems can be solved by means of the statistical

uodelling of random ice loads:

- to determine the probability of damaging or exceeding the

prescribed level of the loads from the results of modelling (risk

model) ;

- to model field trials of the objects;

- to model the non-uniformity of the loads with large contact zones.

4. To fulfil these goals requires additional models, which are not the

models of the interaction between the ship or structues with the ice.

- a model of the construction failure, for the ships usually a
maximum permissible load, determined by a rigid-plastic model is

assumed;

- a model of the measuring scheme, which includes a construction

model with the locations of the sensors and data recording; in most

cases the construction model with the scheme of the sensor location

can be represented by a matrix of influence coefficients, and the

realization of the external loads is reduced to the system of

concentrated forces;
- a model of a random form of the edge, which can be obtained from

the "white noise" by means of the forming filters.

Mihe fulfillment of these objectives will enable one to estimate the

representativenebs of the experiments, to interpret the data of field trials in

the designing of new constructions, to model the consequences of the ships and

"off-shore structures" maintenance under ice conditions.
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STUDY OF ICE AMCTI ON CF SINU -1iCm=

Th development of sea transport ways and exploitation of shelf zone of ice
covered seas caused the cmplex problem of design and construction of offshore
structures, including ice-resistant platforms. One of the main problems is

estimation of ice forces on offshore structures. These problems have been studied

more than twenty years long by divisions of Far Eastern Polytechnic Institute

according to a special program. The main items of this investigations are:

- studying of sea ice properties as material;

- working out and basis of yield criteria for sea ice;

- working out of express methods for definition of yield characteristics of

sea ice;
- theoretical and experimental study of drifting ice cover-structure

interaction;

- working out of mathematical models ice cover failure processes at

structure contact;
- working out of mathematical models of dynamic ice-structure interaction;

- working cut of methods of physical modelling of ice-structure interaction

and technical means for this purposes;

- working out of analysis method for ice force regime definition during ice

cover-structure interaction;

- hummock action of offshore structures;

- working out of means and devices for ice cover destruction and decreasing

of ice force.

The new types of ice-resistant structures were proposed on the basis of

investigations and analysis methods of ice forces which are used in designs for

exploration of carbon resources on the Sakhalin shelf.
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NUMIHML SDIUIATMCI CF M E M CI F A VARlhUZ WEIMS

ICM COYU IN M A -C OCMlN

Sea ice velocity is determined by balance of farces, such as wind and water

stresoes; CQriolis force; currents and tides, caused by the sea level inclination

add forces of the internal interaction of the ice flows with each other and with

the shores. By the term "drift velocity" we understand in this case he velocity

of the center of masses of the ensemble of flows, distributed in the element,

linear dimensions of which are equal to the grid step.

7he air and water stresses can be determined, if the integral effect of the

boundary layers, which are forming above and under the ice, is known.

The maximal hardships at present time by the numerical simulation of the ice

drift are caused by the form of the internal interaction force in the ice cover.

7he real ice cover is a carplicated formation, containing features of elastic,

viscous, and plastic deformations.

The noticn of the ice cover as a viscous inaccpressible film is a rather

simple approach. The combination of the momentum balance equation with the
condition of inccmpressibility allows us to write the equation for the ice

pressure of the Poisson's type.

The introduction of a parameter-threshold of ccmpactness is an essential

peculiarity of the model. If the mearVng of the ccmpactness is lower than this

threshold, the ice flows don't interact and the ice pressure in this point equals

zero. The meaning of the speed divergence by the compactness being lower than the

interaction threshold differs frum zero.

The governing equations of the model include also equations of evolution of

the ice cover ccapactness and thickness. They can be written in the form for the
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general ccpactne and the mean ice thickness and in the form for the partial

Sand thicknesses for the different ice categories.

fle surface atmospheric pressure fields, initial fields of compactnes and

thickness of the ice are used as initial data for the calculations.

Test of the model was dome for an area of 3000 x 2800 )= aroximtin thu

Arctic Ocean and the Arctic shelf seas. Grid step was equal to 200 ko, tim step

was equal to 600 s.

The dcarts of the drift of the autobatical kuoys ware used as a main test

material. The drift of the buoys was averaged for the period of 5, 10, 15 days

and for the month.

The calculation of the drift direction came true in 94% of the case. The

man ratio of calculated and real moduluses of the drift speed was equal to 0.74.

The ice thickness redistribution for different ice thickness categories was

sinulated for the section of the Arctic ocean the Chukchi sua for the three and

five categories, respectively.

she fulfilled calculations allow us to tell, that this model, in spite of

its relative simplicity, rather well reflects the main feature of the ice drift

in the Arctic ocean, gives the opportunity to calculate ice thickness

redistribution for the month period even with maximal detalization of the ice

cover by thickness categories.
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7he paper is of a review dharacter and cnerns to ice cover static analysis

problem. Ice cover is considered as a plate on elastic foundation. he paper

includes two parts. The first one deals with analysis theoretical problem of the

plates on elastic foundation. The seccnd part deals with some special ice cover
st 11 'a problems related to a great extent, to experimental result analysis.

In the ice cover design infinite plate problem solution including the case

of load distribution along circle surfaces, is of great inportance. In many cases

the solutions are obtained in closed form in terms of cylindrical and contiguous
function.

In the main part of the paper the problems of finite layers of constant

thickness and infinite plates with openings are examined. 7here is discussed the
interrelation between ccpesated loads method and Treffts-Friderichs variational

method, as well as boundary integral equation application. The problem of cracked

plate subjected to a load, distributed along circular surface is discussed. That
arises frum studying the process of infinite plate failure.

7he problems of the plates with variable thickness on elastic foundations
are considered in detail. There are obtained the solutions of circular plates of

linearly varying thickness, subjected to symmetric and antisynmetric loading and
complete solution of the similar problem when the thickness varies with the radius

according to the law of 4/3 power. Analysis the plate areas, adjoining to the
supports of the structures, it is possible to utilize approximate solutions

considering reactive force, exerted by liquid, as constant. mhe problems of
circular and annular plates with different laws of variable thickness are

investigated. All above mentioned solutions are obtained in closed form in the
terms of different special functions. In all cases, Green's functions are

determined. Considering the influence of elastic foundation, there is utilized
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iteration method. Briefly the rectangular plates with variable thickness are

analyze.

The seco part of the paper analyzes the results of experi on ice

crust strength. These crusts are formed as a result of ice freezing in polynia-

bath. Major differences between key and plate strength problems are discussed

here.

Short remarks, concerning the possible application of above mentioned
problems in analysis of artificial ice cover strength inrmease and the reverse

problem of its destruction are given here.

Model problem of plate and beam with upper reinforcement are considered in

this aspect.
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Gas hydrates are icelike crystal counds formed from gases and water at

certain terdc oritions and resembling mnw or firm ice. 7he crystal

lattice of these compunds consists of water molecules ihidch are hydrogen bond

to each other. Gas molecules are included into lattice cavities and interact with

it under the influence of Van der Waals forces. in the aksenc of gas molecules
the lattice is thermodynamically metastable in contrast to a crystal lattice of

ice.

Similarity of ice and gas hydrates structures allows to compare their
physical and-machanical properties including mechanical and adhesive ones.

Hydrate adhesion is of great practical interest. Hydrate formation on pipe
walls in the systems of production and transport of natural gas reduces the
pipeline capacity up to a complete stopage of gas supply. To develop methods
preventing hydrate formation one must know the adhesion strength of a hydrate-

substrate bond.

In the report the ice and hydrate adhesion strength was determined with the

help of the experimental set made in two modifications. In the first am the
external force remuired for breaking the adhesion bond is induced by electric

current through an inductance coil with a core being rigidly linked to a
substrate. In the second one the breaking off force was produced by the drop of

gas pressure on the piston connected with a substrate.

Hydrates of a natural gas, freon-12, and tetrahydrofuran and ice obtained

E the distilled water were studied. Samples made of steel, duralumin, and
polytetrafluoroethylene were use as a substrate. A surface finish class and

interfacial angle were determined for each sample.
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Dcperimental data show that the Jesion strength of ice in the teNVerature

range 253-373 K gros with ts._ratu-e d,•earq for hydrophilic surfaces (steel,

duralumin) and practically does not change for hydrcphobic ones

(polytetrafluoroethylene). The adhesion strength of ice for steel and duralumin

is much higher than that for polytetrafluoroethylene. 7he ice-

polytetrafluoroethylence system in the tewperature rarge considered is

diaracterized by the adhesion type of breading, xiAle for the ice-steel system at

certain teaperature the transition from the adIrsicn to the cheion type of

breaking is observed.

Experiments showed that te-perature deendence of the hydrate adhesion

strength is similar to that of ice, i.e. the adhesion strength grows with

Steierature decrease for hydmroilic surfaces and practically does not change for

,hydrophobic ces. The adhesion strength of hydrates considered is almst

inof a gas molecule type.

The adhesion strength of hydrates was evaluated on the basis of the theory

of molecular interaction and Griffith theory of fracture.

special experiments were carried out to coupare acoustical properties of

porous media saturated with ice and gas hydrates. Three types of sanples were

tested: sands of particle diameter in the range 0,15-0, 30xcloN and in the range

of 1,5-2, 0xl03m; silicagel of average pore diameter 85,5A and particle diameter

1,0-2, OxlOm. The results reveal the clear influence of water content and

t ture on velocity and danping of acoustic waves propagatirq throuh the

samples. The temperature difference between water-ice phase transition and

reaction of clathrate formation is about 10K. Acoustic wave velocity of sand

saturated with gas clatnrate is 3-4 tLneý of that saturated with gas and water.

7he effect is intensified with increasing of water saturation.

The results of experiments with silicagel samples were quite different. The

increase of velocity was not more than 30% though the -a-perature was lowered down

to 262K. It is explained by the presence of strongly bonded water in very small

pores.
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The ice cover swiming on the horizontal surface of ocean is considered.

1e ice cover consists of ice-flows with various forms, -emetrical scales and

safety properties. 7he typical horizontal scale of ice-flow is more less than

horizontal scale of investigating phenomenon. It is supposed that ice flows an

the surface of ocean is even and its relative velocities are mall, so ice cover

may be considered as ontinuous media with viscous-elastic-plastic prcperties.

he plastic pro-erties are bound up with irreversible changes of ice cover that

are conditioned by destruction of ice-flows.

Two forms of ice-flow interaction may be considered before hummoxcing:
1) collisions and 2) mutual pressing and friction in places of contacts. 7he

first kind of interaction is realized when each ice-flow may move in its

neighborhod without collision with other flows. 7he secod kind of interactions

have place when ice flows can't mve without change of disposition of other ice-

flows. In the first case we say that ice cover is in a diffuse state and in the
seond case in a ccupact state. 7he change from the first to second state is

realized by compression deformations.

It is supposed that the c-mpactness Al is being when diffuse ice cover with
"I rpactness A (smaller than Al) changes in compact state. Hwmoicg may be

realized if A=A2 (greater than Al).

In the presentation the break solutions are investigated. The problems

about collisions of two ice cover field with various -gmpactnesses with each other

and ice cover field with rigid walls are considered. The pressure of ice cover

on the wall is defined in dependence on drift velocity and compactness.

55



D.G. fttskevitCh aMA .N. Shkbinek

L ,ingrad State e'bni, University

-A~Me -M

O- 3MAM IMCL 133EUMEl CI ICE Wi'~ Iaiur VZ~'IM I IPIL

hispaper deal with developirn a simulatiocn of deformati and fracture

of the ice cover around the structure when aspect ratio is high, i.e. a width of

the strucure is much larger than the ice thickness, so the plane stress condition

can be used to investigate the stress distribution in an ice around the structure.

7he ice is simulated as an elastic-brittle material and the modified

,Cou .rl w theory is used to describe crushing of ice field. Ti sdhne allows
to describe both the fracture of ice by tear and shear. 7he model of ice field

described above was used in the finite-difference program SHEF4 whic was

developed during 1985-1988 at IPI. The main advantage of SHEF-M over the

existing M programs OM, ADIWR, xME) used by Western specialists to study

the ice-structure interaction is in the dynamic approach that allows to simulate
the fast propagation of the cracks in an ice sheet. During the last years the

program has been used in about 400 numerical experiments. 7he coxputer

experiments have been performed by EC-1060 and ISf4 PC AT. 7he ice force has bee

calculated by displacement loading. The force-time curve and the fractured zone

develcrment and epures of normal and shear stresses acting onto the structure has

been received in each of the numerical experiments. It has been shown that the

ice force amplitude depends essentially on the ice strength properties (the angle

of the internal friction and the St/Sc ratio).

In these investigations the influence of the following factors has been

stidied:

- Structure cross section. The circular, octagonal, square ard rectangular

structures have been studied.

- Boundary conditions. The two kinds of boundary conditions at the ice-

structure contact have been simulated - the stiff boundary (the structure
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is frozen in the ice sheet) and the free bh=iary (the friction bebm

the ice and the structure is absent).

- I irq of the ice thickness near the structure (ice cam shape and

size). 'ihree different ice cones have been studied: h=hO (ice cons is

absent), h - h)(1+1/r) (shallow ice cam), h - hV(1=1/r') (steep ice

cone).

- freezing ice strength. The adfreezing ice stre has been ibed

by Om• oDb-Mr eqmtlon too. So the tear and shear adfreezing stre

of ice was taken into acomt.

Mbe ice forces acting onto the norno structures frozen - in to an ice

sheet has been studied too.
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Ice-creep instability is a well-knon exauple of ice-sheet instability, and

there are a variety of other ice properties that lead to instability. But ice

sheets interact with their environment - the attsphere, ocean and lithoep*wer -

and it is the intaraction that leads to a new variety of instabilities in both the

ice sheets and environment. The entire dynamic systems coupling and cxmirising

the ice sheets with the atmosphere or/and ocean or/and lithosphere are considered

to sbty mchanisms of instability.

For an ice sheet interacting with the atishere, a "cubic" curve and a
"cusp" surface of ice-sheet equilibria is found in perfect-plasticity shallow-ice

aroxiation. 7he instability puts limits on the ice-sheet dimension. It is
shown that an advanced ice sheet can be stabilized only at the very large
dimension. Polar ice sheets (e.g. the Antarctic Ice Sheet and former arctic ice

Sheets) aren't stabilized until they reach the ocean and are transformed into
either marine ice sheets or marine ice sheet/ice shelf systems (marine Joe

systa, ). But interaction with the ocean does not stabilize the advance but

causes a new- marine medanw of instability which leads to a fast collapse of

marine ice sheets and marine ice systems.

A marine ice system is a single dynamic system while its members - grounded

ice sheets, floating ice shelves and transitional zones - are different in terms

of dynamics. 7he dynamics of grounded ice sheets is controlled by shear stresses
while longitudinal stresses are small; on the contrary, the dynamics of floating

ice shelves is controlled by longitudinal stresses while shear stresses are mall;

the ice sheets and ice shelves are connected by transitional zones (ice streams)

where both the shear and longitxlinal stresses are cumparable. 7he dynamic

differences result in morphologic ones: longitudinal profile of the ice sheets
is convex; it becomes concave within the transitional zones (the inflection line
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my be adopted as a conventional boundary bet the ice sheets and trasitinal

zones); the ice shelves are nearly flat.

ne mechanics of the members of marine ice systems as a %tole is ooswidered

in perfect-plasticity shallow-ioe asproximtion. 'e transitional zones are

treated as "weak."

Hiowever, instability of ice sheets is not only "destuwtit" but it may be

"creative," if the instability results in synergetic effects and Id to self-
otion of regular spatial ss•tures within and ice sheets. For eammple,

the instability caused by the erosional interaction of ice. sheets with their beds

gives a natural mechanism for self-organization of ice streams within ice sheets

and large-scale linear forms (coastal fjords and submarine trougs) within their
beds.

'he model of eroding ice sheet/eroded beds is considered in viscous shallow-

ice approximation.

Glacial instabilities discussed here is a convenient tool to explain the
Cenozoic ice-sheet variations and global-climate chianges.
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Discovering commercial oil and gas reserves on the Arctic continertal shelf

calls for the development of offshore drilling platforms and equipment designed

for operation in the hostile envir=ment with short ice-free periods. A

oxnsiderable amount of predicted hydrocarbon reserves in the Arctic seas is

attributed to shallow water areas where the use of floating drilling units and

fixed platforms is most difficult due to the deep draft during transportation.

Under this circumstance the most practicable way is to use ice island structures,

particularly at an early stage of exploration. They are constructed using

artificial ice generated by either volume or layer by layer seawater freezing un

the prepared foundation or using various combinaticns of artificial and natural

ice with foreign additives (fillers). The selection of the construction prooedur

is dependent on the site of construction, temperature conditions in the region,

and the availability of particular types of ice.

The world experience in construction and operation of artificial ice islands

shows that a number of important problems exist. These are: ensuring the rate

of freezing required for the successful construction and operation of artificial

ice islands; generating large amounts of high-strength monolithic ice for the

structure body with certain piysical and mechanical properties and ensuring its

resistance to all the external loads so that the artificial island could operate

as a foundation for exploration drilling. The VNIPImorneftegaz, Moscow, has

conducted large-scale experiments on the fast ice of the Kara Sea with a view to

define practical ways of generating large ice monoliths (up to 3 million v?) by

seawater freezing (salinity of 34-35), which is the principal and most ccmplicated

problem. The other objective of the experiments was to test existing theories and

to finalize the development of procedure of ice island construction. The

construction was performed by sprinkling seawater according to a pre-set cell
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layout with the brine flowing down inclined side surface of the cells. The
procedure was tested under various ocnditions, namely at various angles of nozzle

inclination to the horizontal, with various number of nozzles and their cutlet

diameters and with various values of water head, air temperature, and wind speed

and direction. Ice-generated procedure was tested alongside with studying

physical and mechanical properties and thermodynamic behavior of generated ice
maS-.

The results of field ex1priments and theoretical investigations helped to

produce guidelines for ice island construction and to define problems requiring

further investigations.
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This presentation presents a method for predicting probabilistic ice farces
on offshore structures. It discusses the develcpwent of probabilistic

distributions from environmnta1 data, and the formulas wich are used to cczpite

the ice forces. For coe type of ice feature, many forces are caldulated and a

probability is assigned to each force to obtain the probability distribution. A

method is developed for combining ice force distributions for more than one type

of ice feature.

The return period of a force is defined and the selection of its design
value is discussed. The probability of exceeding the force in the time period,

such as the life of the structure, is considered. Future developments are

discussed with emphasis on obtained better ice data.
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when ice is loaded in ccurression, a variety of behaviors may occur. At

very low rates, deformation is without cradking and appears dminated by

recrystallization. As the loading rate is inreased, the ice exhibits some

cracking, and the stress-strain curve shows a clear peak. Tis peak apparently
arises from the cracking activity. After the peak, the stress decreases to a

plateau value an in this portion of the stress-strain curve, deformation is again

due to recrystallization. As the strain rate is increased further, the sample

will fail catastrophically as a result of cracking activity. Quite how the

failure occurs is not clear, but three mechanisms of brittle ccmpressive failure

have traditionally been identified in the rock mechanic literature: axial

splitting, shear faulting, and cataclasis.

Pecent work in the ice literature has concentrated on the Wing Crack model

put forward by Ashby and Hallan (1986), aid has atteapted to describe the failure
process as being due to stable propagation of wing cracks. However, at least two

other possibilities must be considered. One is that wing crack may indeed cause

failure, but by an unstable crack propagation mechanism. The seocrd is that

rather than wing cracks causing the failure, the initiation of now cracks into the

aggregate may give rise to a catastrophic reduction in stress. Also, models to

date have failed to identify clearly the actual mechanism by which instability

occurs.

Thi paper will present three possible models for brittle ccupressive

failure in ice. The limitations of each of the three Idels will be discussed,

along with the implications of their respective functionality. Given then the

behavior being modelled is brittle, scme degrees of scatter is to be expected in
any experimental results, and the nature of this scatter will be considered.
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7hose results which are available in the literature will be discussed in the light

of their models, along with more results obtained by the author. It will be seen

that none of the existing models describe the available data completely, at least

in part because insufficient information on the failure of each sample (i.e.

whether splitting, shear faulting, or cataclasis occurred) is available.

Directions in which future work might prove fruitful will be indicated.
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A sea ice dynamics model based on an elastic plastic onstitutive law is

reviewed. Ice condition is described by the thickness distrikution. Strength is
estimated by balancing the rate of work done by stress during defomation with the
power dissipated by the small scale energy sinks: gravitational potential energy
increases, frictional sliding, and shearing. The specific choices of yield

surface, flow rule, and mechanical redistrikution are justified by referenc to
the literature. 7he model is designed to describe and forecast ice behavior over

periods of about a week. Changes in ice velocity, deformation, stress, and ice

condition are described. These variables, although averaged over tens of

kilometers, provide valuable information to designers and operators of offshore
structures since ice strength limits the force that can be applied to a structure.

Mathematical characteristics are examined to help understand the large-scale

lead patterns observed throughout the Arctic, especially where ice is forced

rhstraits and other restrictions. The metals and soil mechanics literature

contains numerous discussions of plasticity models and the importance of
characteristic directions or slip lines for describing discontinuities in the

deformation field. Polar literature now also contains several similar referencs.

7he quasi-steady ice dynamics model is hyperbolic, parabolic, or elliptic

depending on the yield surface shape and stress state. M-en hyperbolic, two real
haracteristic directions exist, across which traction can be discontinus.

Velocity characteristics coincide with stress characteristics if an associative

flow rule is used, but may be independent if a non-associative flow rule is used.

The present work explores more thorouhly the model behavior associated with the

characteristics in an atteept to learn if they can really be expected to describe

the observed lead patterns. Of interest are directions along which leads form and
the deformation of existing leads. The latter topic is of special interest when

pairs of rectilinear leads co-exist.
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lhe different possible relationships betjen observed lead patterns and

characteristics are examined. Several different explanaticrs are evaluated: (i)

leads form and deform along stress characteristics; (ii) leads form stress

dcaracteristics and deform along velocity characteristics; (iii) leads form along

stress characteristics and deform along directions of maximum opening; and (iv)

intersecting leads form sequentially, rather than in pairs along the two

dcaracteristic directions. 7he possibility that lead patterns are not related to

mathematical characteristics is also considered. While our present unerstanding
suggests that (iii) provides the most likely explanation, 2ore data are needed to

substantiate the aclusion.

Several special cases are considered: flow around an obstruction, archinr

across a strait, and shearing along a coastline. In the future, data available

from satellite imagery will be most useful. Sequential images must be analyzed

to determine when leads formed and how they deformed.
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Wre present in significant numbers, icebergs dominate the design of fixed

offshore platforms. Such is the case on the Grand Banks of Newfoundlard ubere a

large gravity based platform has been considered for production at the Hibernia

oil Field.

A substantial amount of information is available about the physical

p•rerties of icebergs. Lss information exists about the pressure and forces

that may result from their collisions with offshore platforms. Very little can

be found as to how to apply the iceberg impact pressures and forces for local and

global design of the platforms.

Ihe author presents of comprehensive review of the procedures for iceberg

loading calculation and application. He also addresses: (a) the key differences

between icebergs and sea ice; (b) the iceberg data and impact load algorithms

needed to establish design criteria; and (c) possibilities for further reduction

of the present conservatism in the iceberg loading criteria.
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7he problem of dynamical crack propagation in ice cover (M ch is assumed
to ba a h-mogeneous elastic plate) differs from the classical problems of fracture

mechanics in certain features. First, it is nMlocality, i.e. the action of

forces bending the ice cover is transferred to its distant areas not only by the
bending waves moving along the plate, but also by the waves in water. Mhis fact

ccniderably influernces on the mathematical formulation of the problem:

differential equations of dynamical berling of a plate, contacting with water, are

transfortnd to a convoluticn-type equation (which makes its solution mmre

difficult). 7hat is why in this paper we shall first consider the

problem of a normal moving force. Incidentally, solvirn this problem helps to

find out feasible one of simplifications in the descriptions of plate-water

interaction.

Seondly, the problem under consideration is characterized by critical

velocity (i.e. velocity of movement of normal force and crack propgation) wtidi

is very little as ccmpared to corresponding critical velocity of crack in elastic

medium (usually it is Rayleigh's waves velocity). The moving load induces waves

carrying energy away "to infinity" if the velocity is greater than the critical

one. In this case (in contrast to under-critical range) only a part of energy is

spent on fracture (flowing down a crack tip), another part is radiated by the

waves mentioned above. The power of this radiation is to be included in

correlation between load intensity, velocity, and location of a stack with respect

to the load.

All these aspects of the problem are considered.

68



J.1. Richter-Kong

U.SB. Amy Cold Region Research and ~qse gLaboratory

mano , Ie r M are USA

HDMChL I I OF SM ICE: INKMAD 3

K4dels that are being developed to predict the behavior of sea ice during
ice-ice and ice-structure interaction require information on the mechanical

propetis of the ice. The level of detail necessary in the constitutive

description of the behavior of the ice still remains a question. In other words,

do we (or can we) incorporate the models developed to describe the micromechanical

pr cesses observed in 10-ca laboratory test specimens directly into the larger-

scale models designed to predict the failure of ice sheets? Probably not, since

this level of detail would result in interaction models that are too aumbersome

to be useful, practically. We still need to understand the small-scale processes,

however, in order to define the variables of primary importance in controlling the

behavior of the ice.

M s presentation will focus on laboratory work that has been done to

determine the small-scale material properties of sea ice as a function of ice

structure, teiperature, loading rate, and state of loading. Tedmiques for

performing uniaxial compression and tension and confined compression tests on

10.2-cm-diameter, 25.4-an-long cylindrical test specimens will be described alorn

with the combined results from these various test programs. I will also describe

test facilities that are being established to permit laboratory testing of 1-m-

scale ice blocks in compression and bending. These blocks will be loaded insitu

and, hence, will have a temperature gradient representative of ice in the field.

We plan to model the loading behavior of these blocks using data from small-scale

material property tests. Ihis effort will serve as an intermediate step towards

relating the insight we have gained from the material property tests to the field

scale interaction events.
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7he experience that has been acumlted so far in the solution of practical
ice technic problems shows clearly that the main role in this still belongs to
expeimental methods of research. 7his is largely accounted for bythe fact, that
ice, particularly sea ice, is still among the less studied mei and may be

characterized as a material widely varying its physical properties with variation

of numerous external factors. It presents considerable difficulties in building

up thortcal models which would desrie the diversity of ice reiactions to

Cn the other hand, the possibilities of full-scale experiments in ice
conditions are strongly limited by heavy expenses to prepare and conduct them,
rather poor informativity of the results obtained &ue to a random character of ice
situation in the test area, considerable technical and ecological risk, esecal ly

in cases when experimental samples of transportation means, offshr floating or

stationary structures are investigated.

With the advent of new types of physical laortories - ice model basins
(more than 20 in the world now) , of which the ice basin of the Arctic and
Antarctic Institute, MM•, was the first (1955), wide opotnties have been
opened for modelling of real ice conditions and prompt fulfillment of orders by

hinbuilding and hWroehnmical industries an the basis of data obtained from
systematic experirents with models of structures to be operated in ice covered

water areas.

Mie ice model basin of the Krylov ship Resear~ch Institute (length 45 m,
breadth 6 m, and depth 1.7 m), where investigations of technical problems ere
started in 1987, only slightly differs from similar facilities in other countries,
bit owing to a broad variety of dynamometer devices used in experiments provides
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a means for carrying out tests in various ice conditions (level ice, ice channel,

broken ice, ridges) including:

- towing and self propelled model tests for ice breakers and ice;

- strerthened ships;

- towing tests of model offshore structures;

- xaoa I of screw-prcpeller characteristics in open water mode of

operation in clear water, near an ice plane on free surface and in milling

regime of interaction with ice blocks;

- ice loads estimates for screw blades, shafting system and blade-turning

mechanim of controllable pitch propeller;

- investigations of static and dynamic methds of ice destruction by air -

cushion vehicles and platforms.

Scaling from model experiments to full size corditions presents same

difficulties due to the fact that so far it has been inpossible for model basins

to develop modelled ice with all pysical and mechanical properties satisfying the

similarity criteria for the processes under study. This problem dear serious

consideration and cooperative efforts of specialists of ice research centers as

well as collection of reliable full-scale information.
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Polyarystalline ice, a naturally occurring eterial, is of considerable

interest in ocean engineering applications involving the indentation and
penetration of structures and the use of ice as a structural material. Since the

material is present in nature at teuperatures very close to its malting point,

terrestrial ice displays a highly rate and tarperature sensitive behavior, more

generally called creep. Ice also cracks easily under moderate to high rates of

loading and is said to display quasi-brittle behavior. The transition from

ductile (creep) to brittle behavior represents an important condition in

engineering applications. Prediction of ice behavior within the ductile-to-

brittle transition requires constitutive theories to describe the defonuation

(stress-strain) behavior of the material at laboratory-scale; and analyses which

can be used to predict field-scale processes via numerical simulations.

Ths talk will present newly developed constitutive theories for the

transient (time-dependent) creep and purely brittle behavior of ice. The

transient creep theory is physically based, but -enomenological, uses internal

state variables to model the evolution of the materials's microstructure during

deformation, describes texture riand stress-induced anisotrpy under maltiaxial

states, and has been extensively verified against experimental data. On the other

hand, the brittle behavior of ice, which is dominated by the nucleation (not

propagation) of cracks, is described via a microstructurally based constitutive

theory. The elastic anisotropy of the constituent crystals in a polycrystalline

agregate is the principal mechanism responsible for crack nucleation. The crack

nucleation theory is used, in turn, to predict the acm-lation of damage with

loading and the associated (macroscopic) deformation behavior of ice, accounting

for multiaxial and loading-history effecs.

The talk concludes by presenting a finite element formulation for analyzing

ice indentation involving transient creep as well as results from numerical

simulations which consider problems of increasing complexity.
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This report deals with investigations that have been carried out at

Leningrad State Technical University (LSI and devoted mostly to ice loads on

offshore structures and partly to ice properties.

1. STRENGIM OF LAYLRM MEDIA SAMPLES UMD• UNIAXIAL CESSION

(Prof. Zvolinsky, N.V. - Inst. for Problem in Miadhanics, Prof. SWkinek,

KN. - LSU) .

Two dimensional solution has been found for copresse layered redIa

samples. This media consists of thin elastic-brittle layers and extremely fine

soft material between them.

Rectanrular samples of this material is placed between press plates. It is

assumed that sample's bitt-ends are fixed to the plates and can't slide relatively

them in horizontal plans. Lateral surfaces of sample are free from stresses.

This solution has demonstrated that stresses in this sample are distributed most

irregularly. Irregularity depends on the properties of layers, their angle of

inclination, and sample's length-width ratio.

Strength-angle of inclination ratio is similar to that described in Paytcn's

investigation.

2. ICE QOVER INFLENCE ON ADDED MASSES OF OSCILTATfl BODY

(Dr. Bolshov, A.S., Dr. Matskevich, D.G., Prof. Shkhinek, K.N., ISU)

Theoretical and experimental investigations resulted in elaboration of the

method for calculation of added masses of bodies, oscillation under broken ice

cov-r. It has been shown that if we know connection between added masses and
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frequency of oscillating in the absence of ice cover, it is possible to determine

added masses with tike preser-. of broken ice.

3. ICE LOADS Ct A SYSTEM OF PILES UNER WAE LEVEL CHNCES

(Dr. Matskevich, D.G., Prof. Shkhinek, K.N., LSIU).

Kerr's solution for loads acting on a single pile is well known. However,

tne solution is inadequata for the system of piles, as load canot be calculated

by siqple summation of Kerr's solution for each of the piles, because distortion

of boundary conditions. Our approach was based on the idea of minimization

deviation from exact boundary conditions. As a result solutions for the tw-,

three-, four-pile systema were obtained.

4. NATHD CAL SIMUIATIC OF ICE - VERTICAL PILE INTERACTICO

(Dr. Matskevich, D.G., Prof. Shkhinek, K.N., LS1U

It has developed mathematical model of ice - vertical pile interaction. Ice

is to be an elastic-brittle material. Cxmputer program was developed for

investigation process of ice crushing around the structure and ice load chaning

in a time.

Mve last time about 400 numerical experiments for different cross-section

structures, ice properties, and boundary conditions has been corducted.
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D.S. SodWi

U.S. AmYCold Region Rearch and Eiineerinq laboratory

Nanover, New Ha~shire Ush

DYNAMIC ICE-STRLVM InuN DmURIN wIm Ii TEST

T'o study dynamic ice-structure interaction during the crushing failure of

ice, indentation tests were conducted by pushing a vertical, flat indentor into

the edges of floating ice -Meets. The indentor was supported on a movable

carriage by means of three load cells to measure interaction forces at the ice-

indentor interface. The displacements of the carriage and the indentor were

measured separately. The indentor displacement relative to the carriage and

provided comprehensive data on the dynamic ice-structure interaction during

crushuq failure of an ice sheet. Three basic modes of ice behavior were

observed: creep deformation at low velocities, intermittent crushing at

intermediate velocities, and continuous crushing at high velocities. Based on

these measurements, a theoretical model is proposed wh.ic produces results similar

to those of the experiments.

Because of the flexibility in the structural support system, the velocity

at which the indentor moved was not always the same as that of the carriage. The

dependence of effective pressure on the indentor velocity was investigated because

the strain rate and the stress rate at a point in an ice sheet have a direct

relationship with the indentor velocity. The maximum effective pressures measured

at different indentor velocities were found to differ by a factor of 3 to 5; high

pressures (8-13 MPa) were measured at low indentor velocities (<20m s-l), and low

pressures (1.2-4.3 MPa) at high indentor velocities (>100 mm sO'). The reduction

in the effective pressure is believed to be caused by the change in failure mode

from in-plane deformation at low velocity to out-of-plane brittle failure at high

indentor velocity.

The data from this study were also used to ccmpute the energy exchanges that

take place during creep deformation and intermittent and continuous crushing of

ice. The energy supplied by the carriage was partly stored in the structural
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s-pring, partly converted to kinetic energy, partly dissipated in deforming a•d

extndirq the ice, and partly dissipated as heat in the damping mecanism of the

structure. Except for the heat dissipation, all other forms of energy iere

com.uted from the experimental data, and the heat dissipation was computed frcm

the energy balance using the first law of thermodynamics. Plots of all form of

energy will be shown in graphical form, in which their relative magnitudes, time

of occrrence, and interplay may be seen.

The main result of the energy exchange study is the thesis that intermittent

crushirg or ice-induced vibration takes place whenever there is an imbalance

betwen the rates of work done by the carriage and the indentor and that there are

no vibrations when these rates of work are equal.

The results of tests when intermittent crushing took place we analyzed to

obtain the frequency of intermittent crushing failure. From the experimental

results, a correlation was obtained between the average distance travelled by an

indentor during successive failure events and the maximum relative displacement

of the indenter with respect to the carriage during the loading phase of a cycle.
Frcz this correlation, the frequency of intermittent crushing can be obtained in

terms of structural stiffness, ice velocity, effective pressure, irientor width,

and ice thickness.
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W.B. Tudkrs III
U.S. Amy Cold Region esearch a n in Laboratory

EmVW Mrn Mashfre US

FIELD NEWSREM211 CF PAM ICE WS

Accurate ianars situ ice stresses were obtained in the pack ice of

the eastern Arctic during the fall of 1988. Stresses were measured using biaxial

vibrating wire sensors. these are cylindrical instruments which the principal

stress omponents and the directions are determined fra the resonrnt vibration

frequencies of the wires. At one site about 200 m from the edge of a large

multiyear floe, three sensors were installed at f=different depths to examine the

vertical distribution of stresses within the ice. At another site, two sensors

were installed at shallow depths in the multiyear floe near a freezing lead with

an additicnal sensor in the first-year ice. Stresses in the multiyear ice far

frEm the edge of the floe reached 150kPa during extreme deformation events. Near

the edge and in first-year ice, they exceed 350kPa on several cocasions (400 kPa

in one instance) when the ice failed very near the sensors. Thermally induced

stresses at shallow depths in the multiyear ice were caused by rapid t-rature

changes and could be nearly as large as stresses observed during deformation.

Often, the stresses at depth during these thermal events were of opposite sign to

those near the surface. The vertical distribution of stresses varied with the

type of deformation event, but the largest values were always observed in the

upper half of the ice sheet. Stresses due to deformation were rapidly attenuated

away from the edge of the floe. Near the edge, hwever, recorded stresses agreed

well with those observed in the adjacent first-year ice. The sensor located in

the first-year ice also experienced twice daily oscillations of about 50 kPa which
are apparently tidal or inertially induced. Measurements of local ice notion with

the radar transponder system allowed cmparison of the stresses to the local

strain field. Overall, there was very little agreement between stress and local

deformation except during large deformation events.
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8.1. Verabinin, A.A. Iliady, an A.. Belw

Aill-MioU Research and Design Umntitute for

Offshore Oil and Gm Recovery (VMMiorneftegaz)

D12MIC ICE-FPLmT33LER SU RE 1¶3B PEMIX14Eai

All existing approaches to the process of dynamic ice-structure interaction

are possible to describe the relaxation sode, whicht consists of static loading

phase and the movement in the crushed zone. But in the harmnic mode with high

relative velocities all this approaches are not so useful.

Some results of thJoretical and model researchers in connection with the

analysis of existing data on dynamic interaction are presented. The new function

of ice resistance makes it possible to analyze not only relaxation, but also the

harmonic mode in terms of self-excited vibrations theory. There were developed

saoe theoretical and experimental results for the case of prevailing frequency

(one natural mode). An approach to the more cumplex analysis of real structures

using the model is discussed.

After Maattanen (1977, 1981, 1984), who connected the possibility of self-

excited vibrations occurrence with the non-linear dependence of the ice mechanical

properties on the relative ice-structure velocity there appeared same attempts to

present the ice resistance as a partly linear function of relative ice-structure

velocity (Ranta, Raty, 1983; Toyama et al. 1983) or as a function of velocity and

time (Karna, Tarune 1989).

There are some aproaches to explain the phenomenon of ice-irduced

vibration: see, for example, the last ones - Eranti (1990); Wang, Xu (1990), Xu,

Wang (1990), Sodhi, Nakazawa (1990), Karna, Nhonen (1990); etc. This problem is

under research and discussions sore than 20 years, but there is no valid and clear

explanation of the nature of this phenomencn. In this article authors make an

attempt to develop the model that gives loading time history using self-vibrations

theory applied to flexible structure model.
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General assuupia were worked out earlier by the first tuo autkxs

(Vershinin, Iliady 1990). In this wrk the themy is opletely madi ied using

i=-deterministic approach.

The rumerical model of the process was developed and computer simulations

with different model parameters were held. Mhe results were compared with

experimental data of structure modelling and real structures behavior in ice

conditions.
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A.T. Wang

EMm P od Rsearch Ooany

HmOltcm, TMAs OR

ICE uM CN Sci UC' txMm - A CAsM STUDY

The Alaskan Bering Sea covers a large area with latitudes between 55 N and

65 N, off the west coast of Alaska. Most Bering Sea locations are in subarctic

regions. Due to frequent rafting of sheet ice, the rafted ice in a number of

Bering Sea locations can reach a total thickness of over 15 meters. Annual ice

ridges with a total thickness of over 20 meters have also been observed. Te ice
conditions in many Bering Sea regions are similar to those around Sakhalin Island

off the Pacific coast of the Soviet Union. In the mid-eighties, Ebom carried out

a number of studies on the environmental conditions of the Bering Sea. Ice

onrditions, ice properties, and ice movement rates were carefully investigated for

several regions.

In addition, model test data were processed to examine the accuracy of

various ice load cozpitation formulas for offshore structures. Random variables

were then selected to represent envirormental parameters and the differences

bet n the measured and calculated forces. Based on enviromental and model test

data, a computer simulation program was developed to estimate rare ice loads for

structures located in certain areas of the Bering Sea. In addition to providing

estimates to rare ice loads, the sinulation program was also useful for assessing

the sensitivity of ice loads to various ice and structure input parameters.
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w.N. wleks

0,Inostitute

nivwzsity of Aaska

lf•rbonks, Alasks M

T ID PILTIM D, ND8MK CcB]Mtc•I,

an ICE SmLIURCE, MV an ICE aFM3

Quantification of the properties of large areas of pack ice cannot be

adequately resolved by direct observations alone. Yet, at present, remote sensing
data provides only indirect information on the furparptal rerties and

processes that are needed to characterize a sea ice and its internal mecanical

interactions as well as its external interactions with the atmosphere and ocean.

Efforts to deal with this problem are suammarized. Current approadhes utilize buoy

and satellite data to monitor ice and meteorological conditins. This information

can be used to drive ice growth and ice property models that produce thickness

distributions; sea ice salinity, tenperature and brine volume profiles; and

ultimately property profiles and composite characteristics. Examples of such

procedures are presented using tensile strength and elastic modulus. Capabilities

of the Alaska SAR Facility in contributing geophysical data useful in dealing with

this general problem via the use of automated analysis procedures are described.

Current problem areas remaining are related to variations in the amounts of frazil

and gongelation ice, the effects of crystal alignmnts, uncertainties in ice

thickness resulting from snow cover variations, and inadequate information on how

to redistribute ice deformed during ridging events.
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X. APPENDIX --

MEMORANDUM

A memorandum concerning cooperation

on research in Ice Mechanics and Its

Applications for consideration for

incorporation in the cooperative

agreement under discussion between

the U.S.S.R. Academy of Sciences and

the U.S. National Academy of Sciences

The First Soviet-American Workshop on Ice Mechanics and Its

Applications was held in June 1991 (16-26) in Moscow, U.S.S.R.

Representative Soviet and American delegations participated in

the Workshop presenting a total of 34 papers. A list of

participants is given in Appendix 1. The meeting was extremely

successful.

During the Workshop the question of furthering future

cooperation in ice mechanics and its applications between

interested Soviet and American scientists and organizations was

discussed. Taking into account the importance of the scientific

problems under consideration, the mutual interest in and the

benefits that would be derived from cooperative research in

several aspects of ice and ice cover mechanics including the

interaction of ice with structures, the members of the Workshop

suggest that future cooperative investigations and programs be

organized and that this organization take place within the

framework of the program for U.S.-U.S.S.R. cooperation in

scientific research on the level of the U.S. National Academy of

Sciences and U.S.S.R. Academy of Sciences. It is further

suggested that the U.S. National Science Foundation and U.S.S.R.

Academy of Sciences add the subject area of ice mechanics to its

approved list "Scientific Problems of the Arctic and the North"

that are considered as appropriate for U.S.-U.S.S.R. Cooperation

in the Field of Basic Scientific Research (NSF, 1991).

Possible forms for cooperative work between the U.S. and the

U.S.S.R. might include the following:

- regular workshops every two years with the meeting site

alternating between the two countries;



- joint research projects;

- joint field projects which might well accommodate several

research projects;

- exchange of scientific information and the preparation of

joint publications containing both original research and

overall summaries of the existing knowledge base;

- exchange of specialists to prepare plans and programs for

joint research, to carry out joint research, and to give

lectures;

- exchange of graduate and post-graduate students in

conjunction with coordinated research programs;

- support of the participation of specialists from both the

U.S.S.R. and the U.S. in national and international

scientific and engineering meetings on problems of the

mechanics of ice and ice covers; and

- provision of a mechanism to facilitate contractual research

between private companies, universities and governmental

groups in one country with similar organisations in the other

country.

To advance the above objectives, the Workshop members

suggest that an Organizing Committee on Ice Mechanics and'.Its

Applications be established to coordinate the proposed program.

It is proposed that this group be composed of five membersý.,each\,

from the U.S. and the U.S.S.R. with the nationality of the Vroup -

chairman alternating at two years intervals. The intension is to

create certain subgroups of specialists in the different fields

of ice mechanics attached to the Organizing Committee. It is

envisioned that the major programs carried out under the auspices

of the Organizing Committee will be focused on specific research

directions and will be both proposed and Implemented by small

groups of specialists.

Based on input from the Working Group members during the

next two months, the Organizing Committee Is' specifically charged

to prepare a preliminary description of a variety of proposed

projects and programs that will then be submitted jointly in

conjunction with the above organizational suggestions, to both

the U.S.S.R. Academy of Sciences and the U.S. National Academy of

Sciences for consideration at the next interacademy meeting.



We wish to emphasize that the following U.S.S.R. and U.S.

scientists and engineers can in no way guarantee either financial

or organizational support of the above proposal by their

respective governments. They can only request that each

government consider this proposal favorably.

Co-Chairmen of International Organizing Committee

of the First Soviet-American Workshop on the

Ice Mechanics and Its Applications

K.V.Frolov, Academician, eek3, Member U.S.
Vice-President, U.S.S.R. National Academy of
Academy of Sciences Engineering,

Professor of Geophysics,
Geophysical Institute,
University of Alaska,
Fairbanks

D.M.Klimov, G.F.N.Cox0 Dr.,
Corresponding Member, Research Supervisor
U.S.S.R. Academy of Sciences, Offshore and Arctic Group,
Director, Institute for Amoco Production Company
Problems in Mechanics,
U.S.S.R. Academy of Sciences
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